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The REPORT. of Joun Smeaton, Engineer, relative to the 
— Lynn in Norfolk. oe SE 
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le Matters to be reported upon as given me in charge by the Magiftrates of My SS 


were principally the following : aN 

















Firft, The prefervation of veffels lying in the harbour of Lynn, from the an 
winds and waves; not only fromthe fea, but from the ‘road’river above the t 
the wind happens to be in that quarter, and alfo from the raging tides that oft 
them, and drive the Veffels from their moorings : ee 
















Secondly, The prefervation of the banks of che river, and n 
the town, from the ation of the winds and feas, accompa 


Lort Walpotes 
tide. 


Marshes 






heed. 


(As ; Poy ss} me ner 
yf a Tee -” 
» \ i 






The better to enable me to acquit myfelf upon thefe fubje 

channel of the river Ou/e, from the roads near the Ferror 
|.“ and alfo the banks thereupon, and more particularly. i 
q wa el - ~ : 4 
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of Lynm Thave alfo carefully viewed and examined the circumftances attending the faid 
river, from German’s Bridge to Denver Sluice ; fo far as they appeared to me to have any 
relation to the bufinefs before-mentioned. 


In the courfe of thefe enquiries, 1 had the pleafure to find, that the channel of the river, 
and particularly that part to feaward, not only from the accounts of the pilots who attetided 
me, but from my own remarks, compared with former accounts and reports, w*%,-at 
the time of thofe obfervations, viz. in the month of Ju/y 1766, in as good condition as it 
had been known for many years; and in fact without any material caufe of complaint. 
That a bar had formed itfelf in the upper mouth of the weft channel, and that the current 
at low water was wholly confined to the eaft channel, which had in confequence propor- 
tionally improved. 

This is indeed a very material change in tlic “ate of the channel and harbour for the 
better; the contrary condition having been complained of for years pat, viz. the choak- 
ing of the harbour and channel to feaward with fands, and the great tendency of the 

_ current to take the weft channel inftead of the eaft; which latter (as it feems) was that, 

which, ac¢ording to the unanimous opinion of all thofe who have reported upon it, was 

“the defirable channel to be maintained, and if poflible improved ; the doing of which has 

been the fubjeét of much projeétion and altercation : but as nothing appears to have been 

done in confequence, but that Nature has very kindly brought matters into a more defira- 

ble ftate, it feems of the utmoft importance to propofe nothing for execution, that fhall 
counteraét her intentions ; nor while we are relieving one eyil induce a greater. 


$ z “According to all accounts, the point below the crutch on the eaft fide of the river, 

called at prefent Nottingham Point, projected much further to the weftward : and'another 

- point of land on the welt fide of the river, below North Lynn, but above the faid 

Nottingham Point according to the courfe of the river, projected further caftward ; fo that, 

Me to a perfon ftanding upon the.quay called the Common Staith, at Lynn, the fea was land 

"= locked by thefe two points; but that now, by the gradual wear of onc or both of them, 

an obferver flanding at the fame place, will, at high water, fee the fea confiderably open 

= points; and the wind being in that or nearly that direction, that is, 

ey I. N. W. and N. N. E. anda ftrong {pring tide of flood, the thips are apt to 

; ride very unquietly that lie within the point formed by the Common Staith and the Ball, 

which may now be reckoned the port of Lynn, and where the fhips chiefly lie to be 
loaded and unloaded from the merchants’ yards. 
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This evil I find has been complained of for many years; and in the year 1741, a 
fcheme was offered by Mr. Yohn Rofewell; which was to build jetties from thefe two 
points fo as to produce the fame land Jock as formerly : and this he imagined would not 
only redrefs this immediate grievance, of too much fwell running into the harbour, but 
alfo others at that time alfo greatly complained of ; that is, obftru@ion by fand, too 
fhallow a channel, a high bar in the eaft channel, and too great a diverfion of the current 
into the weft channel. 


That thofe jetties might be of fome ufe in checking the {well of the fea, cannot be denied; 
but the ill effeéts they were likely to have by encreafing the tendency of the out channel to 
the weltward, is fet forth with great juftnefs and fpirit, ina small pamphlet, publithed in the 
year 1742, entitled, Some thoughts on Mr.Rofewell’s and other Schemes; now propsfed for 
amending Lynn Channel and Harbour*; which, asT fuppofe it in every ones hands, to fave 
repetition, I recommend to a re-perufal, from the beginning to and including the gth page. 
And indeed Mr. Roféwell’s reafoning, if fuch it can be called, concerning the improve- 
ment of the eaft channel by means of thole jetties, has not been more folidly refuted by 
the author above referred to, than it has fince been by Nature herfelf; for it feems’ very, 
manifeft, that in proportion as the points, particularly Nottingham Point, haveibeen worn 
away, the channel has tended more eaftward and has improved in proportion as the 
weft channel has decayed, which muft be expeéted from an union of the two forces. As 
therefore the maintenance of the channel out to fea, in the good condition in which I 
found it, I look upon as a primary confideration ; I entirely agree with the author before- 
mentioned, that it would be a dangerous expedient to reinftate the two points above- 
mentioned, by the building of jetties: on the contrary, Tam of opinion, that where a 
channel muft be maintained through a yalt mafs of fand, capable of fhifting by winds, | 
feas, currents, and every temporary impreflion of power thereon, that the more direétly — * “1 
the waters make their paflage out to fea the better. F * a | 


Nor am I very clear, that the reinftating of the points would entirely cure the evil at 
prefent complained of ; they being at too great a diftance from the interior harbour, and 
mutt neceflarily be placed at fo confiderable a diftance from each other, that unlefsthe © = 
entry was entirely fpoilt, I apprehend the feas would {till find the "Eten, heads : | 
and in fo long a fetch:to the place where the fhips lie, would gather and ftill difturb them ae" 


at their moorings. 3 











Nor can they be of much ufe in checking the too great indraught of the tides, at pre - 
fent complained of ; for the paflage between them mult be very narrow to produce aoe ae 
* This i by Mr. Ejfobs, ‘See Appendix to this Report, 
* This pamphlet is anonymous, but I fince a hee yy Mr. Eiflo ee rt 









eee a - 
fenfible effet, and in proportion as it was contraéted, it would wear deeper, ay 
flill admit nearly the fame quanti 
to check the raging tides, they check the moderate ones too; and I believe all) 
agree in opinion, that in the fituatiom of Lynn harbour, the greater the flux, which in’ 
great meafure depends upon the influx, the better channel may be expeéled to be sain- 
tained: too great tides may be a partial and temporary evil, but it appears tome it Sse 
prefent cafe a fault on the right fide; and it feems that in this, as well as many affairs of 
human life, the judgment confifts in chufing the /ea/? of two evils. 





vever agree in recommending the expedigit henueae ‘in the latter part of 
ove quoted ; that is, damming; 4p che old river at the welt point, and 
a abe! ek flown te Frokd ; for this, if not made equal with 

r “capacity of the old river, would ch Ne influx of the tides ; and if fo made, 
wouldbe a moft monftrous expenfe, and at laft the event would be uncertain; for by pro- 
ducing an alteration in the fet of the currents, without the mouth thereof, it perhaps is out 
ol ower of human forefight to fay with certainty, that (after fo great an expenfe) 
Me Bat or impedi ight not be thrown up, producing an equal obftruétion 
itee Drive us from the neceflity 
id giving us the opportunity of knowing when we 

* 




















t in My opinion is neceflary to be attended to for the 
aye nothing materially to affe& the indraught of the 
of frefh waters coming down the river from above : as 


as experience has fhewn to be the cafe; 
it, it is time cnough to help her when 


4 





Do | en 
Common Stat, and running out betwixt 
as the jetty, whereby the fhips lying 
from the fwell coming in from 
lis point from the fea that affects the 


river, between the Purfleet 
bi 1 the appearance of 


ty of water to pals. Yet, if they could be fo made as) 


vharfing for this very 
; 2 _ purpofe, > 
= 


y 


Lees. 
purpofe The river is however ftill a furlong, that is, 220 yards, wide at this point, accord- 
ing to the plan; the channel lies over to the oppofite fhore, where it is ten of twelve 


fect deep at low water, whereas it gradually fhallows towards the Lynn fide, leaving the 
ground dry at low water for above a chain in breadth. 


If I were obliged to recommend fomething in the fe/ty way, it would be to run out this 
wharf about a chain further, that is, twenty-two yards, being one-tenth of the whole 
width of the river. I am yery clear that fuch a projection, immediately before the fhip- 
ping, would afford more protection than fix times as much work done at the two points 
below ; which are at the mean diftance of a mile and half ;- and this without being attended 
with any ill effe€t upon the channel below: The only objection that I fee to this Icheme 
is, that by narrowing the channel in this the narroweft place, it would in fome meafure 
check the influx of the tides; and tliaiiy the water more powerfully upon the oppofite” 
fhore, jult below the ferry, the defences ef which are already too weak : but if this bank 
were effeGtually defended by a fufficient body of rubble ftone, applied imfuch a is 1 
fhall mention, when I come to fpeak upon the defence of the banks, the 0 : 
be to feour-ovta-channel fo much deepe his pla 3,-by-creating an eq tion, © 
would furnith the fame quantity of tide water as at prefent, and probably might deepen 
the channel on the Lynn fide; at leaft fomething might be done to intice it to-act in tl 




























manner. 


It is obfervable, that at the end of Common Staith Lane there is a confiderable pro- 
minence of rubbifh that has gradually been formed, and/that fomething of the fame kind 
has been thrown out partly from the lanes, and partly from the houfes, quite away to the 
Purfleet, and higher : Llook uponit, thavit is owing to this body of rubbith, that the c 
of the river edges over fo foon to the welt fide ; if this body of rubbith were dug a 
near to the buildings'as can be done with fafety, and taken down to or below to 
mark as far as the Common Staith; that the ebb tides, accompanied with the land 
would improve the channel, and enable the fhips to lie not only lower dows 
in, and thereby more effectually fhelter them from the feas, which would be 
the Common Staith point; and this is a ftep that I would gba ; 
of the propofition of an extenfion of that point. ras 





from the. 


[ od or 2 


that is, the length ofafurlong, or 220 yards, the vellels lying at or near the Ball will till i tends to undermine the banks, and even the jetty itfelf ; fo that thereby the rent is made 
be expofed almoft as much as before: on the other hand, this work will throw the eur- 


wore. 
rent more forcibly into the bite or great hollow oppofite this point, where the water fets ( 
already too hard, and is making daily depredations, I would therefore beg leave to fuggeft, Whatever works are attempted for the prefervation of the foot or banks of forefhores, 
that as no fhip lying from the Bail downward, can be fubjeét to a direct fetch of more when too hard a /et of the water tends to undermine them, ought to be difpofed parallel, 
than a mile in length; and fince in this length no great {well can be raifed, but only, a fhort or eecording to the direétion of the ftream ; fo that the water, inftead of being {topped 


chopping fea or windwath, which would fignify little, independent of the force of the 


or wn off, fhall glide gently by, with the leaft interruption pollible ; for thereby the 
wind and a {trong tide of ebb, both which muft remain; Ifay, I would put a query, 


water gets away with the leaft poflible ation upon the banks, and confequently wears 


whether it would not be advifeable at once to endeavour to encreafe the fecurity of them or’their defences the leaft. For this reafon all angles and fudden turns are to be 
the veffels in the harbour, by improving their moorings; which I apprehend might avoided as muchas may be, and where a turn muft be made, as very frequently happens, 
be done by putting down a row of ftrong dolphins on the welt fide of the channel let it be made with as eafy a {weep as poflible, keeping it as near as may be the fame with 
in the middle of the river; and continuing the line lower down, and increafing in the natural, that is, the general bend of tle river, cutting or rounding off all finall +a 
number thofe that are on the eaft fide. This meafure, independent of every thing elfe, turns, angles or extuberances, which appen in the general {weep 5 ei oa 
would be a great fecurity againft difturbance, both from land and fea. “However, if the will hold, as well for forming the bafe «id middle lines of the artificial bape e oe 
magiftrates are inclined to begin a jetty or break-water from the S. W. point in or near as for preferving the foot of the natural forefhores, whereon the other is founded. att 
the direétion {pecified in the plan, in order to try the effects of it, 1 would not be under- otherwife isto oppofe a naturalcurrent, and to oppofe a natural a sd 
ftoodto difcourage the attempt ; and if not carried beyond the Jimits there. fpecified, I fomething whereon-it—may. sniceiantly act, towards the — _ o thera ae 
apprehend any ill effeéts that it might have upon the oppofite bank might be guarded which in the cafe of banks and their defences, is to do fomething contrary y 
. It may be begun with rice and rubble ftones, and afterwards by finking of doing it. 
old veffels; or continued with the forme i i i settles, “¥ 
oe . aes w e former materials, as fhall appear in the execution beft A TE 3 situftrated than by the two great jetties, in the tut 
above the Ball-fleet, oppofite and juft below which are five and fix ee = 
I come now to the fubje& of the banks: and on this head, as I have already declared whereas the natural bottom or depth is not more than asmany feet. ; By this means ¢ sd 
that my opinion is in general, to difeourage all attempts to prevent the free influx and foundations are fapped, as well as the adjoining banks; eae eae eas 
efflux of the tides and land waters, in order to preferve the channel out to fea in the moft be fubje& to very expenfive repairs, as the bite of the river will grow deeper o Yee 
efle€ual mannev, upon which both the navigation and drainage dependent on the alteration. fia ‘ 
Oufe entirely hinge; nothing remains to be done with the banks, but to make them 7 «ver below a 
a enough and high enough to ftand again{t all extremes: my bufinels will there- ‘This is alfo the cafe with a number of Jellies of me vel a ae fn vélien 
fore be, to fhew how this is to be effeéted. ‘To give directions about the particular ferry : to fay the truth, I fearcely ever faw an inftance where this fort “a ey 
parts would be endlefg, and will be the proper bufinefs of the furveyor, who fhall be applied as a defence to the banks, did not do mifchief; it veal - eee to be 
entrufted with the execution thereof ; I fhall therefore content myfelf with fhewing were all removed, or if this is thought too much expenfe, at leait never ? ; 
i ae principles, which will eafily be applied by the judicious artift to the par- repaired in their prefent form. = a 
et is : Where the fides of a river or forefhores grind away by t0 oe in as 
In the firft place, I entirely difapprove of all jetties built into the ftream, as a defence the moft infallible, fecure, and Jafting method of doing t's, after the a a 
for faving the banks or forefhores from the action of the water, as I am convinced from tuberances and irregularities of the cutve ats taken off as low as the be fas . 
many obfervations that they haye a direct contrary tendency; for they feldom fail of of by hand, to line up the foot with rubble ftones, thrown in promifcuo tue a 
"producing a deep pit, either oppofite to, or on the downftream fide of the jetty, which lin gee See 






tends - : 


oa 


form their own natural flope againft the fhore, till they appear above water, at low 
water. ‘This being done for the whole length of the galled place, with the regu- 
larity before defcribed ; and being further fupplied with a frefh quantity after a fet- 
tlement has happened, in confequence of fucceeding great tides and floods ; will prove 
a lafting fecurity againft further depredations at the foot sand the foot being well 
fecured, Nature will, in moft cafes, where there is room to doit, form of herfelf fuch a 
natural flope to neap tide high-water-mark, as will need no artificial defence. The chalk and 
clodlime rubble that is brought down the river, feems a very good material to be employed 
in this way, but the rubble of any ftone that will bear wet and dry will do, which can be 


procured cheapeft; the larger and more irregular, both in point of fhape and fize, the 
better. 


The fame defence, where ftoneis wanting, may be procured by the application of {takes 
and rice; but difpofed, as before directed, even and parallel to the ftream*, without jet- 
tings or extuberances ; but nothing can be done with thefe materials comparable to rubble 
ftonesyion account both of want of weight and duration, 


a 
Tt pe pale objected, that a fufficient quantity of rubble ftones, to fecure the 
foot of the banks and forefhores in this manner, will be expenfive # and in.fome cafes 
poflibly it may ; but it muft be confidered, that here will be no expenfive tide-works, with 
a number of men, and that there will be very little additional charge beyond that of bring- 


ing down the ftones ; but in preference to all methods that are in themfelves ineffectual, 
the cheapelt way is to do nothing. 


‘The bafe of the bank and forefhores being fecured as above defcribed, it has already been 
faid, that where there is room enough, Nature will herfelf form a flope upon the forefhores 
up to the high-water-mark of neap tides,’ which will be of itfelf'a fufficient defence againft 


"Waves and currents; and where there is no want of room to form a fufficient flope above 


the neap tide high-water-mark to the top of the bank, there is no better way than to 
flope and turf it over, in the manner that has already been putin practice, but above and 


“below the town of Lynn ; and alfo on the other fide of the water. I can give no better 


- ditedtions than thefe fpecimens will afford, which feem done with great judgment ; only 
4 


tead of ufing any wood at the footof the turf about neap tide high-water-mark, 


<i eu advife to rely wholly upon a /ay of rubble ftone; and if fome of it is broken {mall 
fo as to fill up the interftices of the larger pieces, this will form a more complete union 
between the rubble and the turf, than if compofed of large ftones only. 


* The ends outward, and alittle inclining down ftream. 


oe Where 









ho J 
Where the artificial banks fland fteep upon the forefhores, 1 obferve that the pradtice 
about Lynn has been to defend them by a boarded wharfing. his at firft feems to pro 
mile muchfecurity ; but experience has proved that this is only ott/ide £ we con- 


fider the aétion of the waves upon it, we fhall find: this method not at all calculated to 
fuftain'their fhocks for any.length of time, the very union of the parts being the caufe 
of their deftrugtion. 


If the fea dafhes’againft the end of a faggot or a ftone, thefe having no folid conne@ion 
with theif’neighbours, the impreffion goes no further ; but the tremors raifed in one part 
of a boarded wharfing is communicated to the whole, or to a large area; which, accom- 
panied with the great {hocks that mutt unfue when a@onfiderable part of the furface is 
flruck together, thefe agitations by little and little fake and loofen the earth behind, 
which by the rife and fall of the tides is by degrees wafhed ont at the foot and through the 
crevices, which brings the whole to rum. This, accompanied wpth the fpeedy decay os 
all wood work expofed to wet and dry, makes it feem to Mie quite eligible totally to dif 
card’this method in all future repairs. In lieu whereof I would recommend the fol * 
wherever-the forefhores tre trot brome = avater=to trenyy eA-Wwater- 
mark, to ftand by a natural flope, I would advife them to be reduced to a flope of two to 
one; that is, to batter two feet to one foot perpendicular ; and this being covered a foot 
thick with rubble ftone of all fizes bedded together, and footed upon the rubble, fuppofed 
to be thrown in to fupport the ground under low-water-mark, will, as I have often expe- 
rienced, make a very lafting defence, and is capable of great refiltance in all ordinary cafes 5 
but if eXpofed to the waves of the open fea, the cover mutt be increafed in weight an 
thicknefs. This method will anfwer the end, if the batter is three to five, or even one to 
one§. but the latter I would not recommend without extreme neceflity. 4 





: te 
With refpeét to the upper part of the bank, from the high-water-mark of neap tides, - 
the high-water-mark of the equinoGtial {pring tides ; T would, in all cafes where it 

poflible, fhift back the banks, till they will admit of the flope and turf method above 
referred to ; but if this be not poflible, to continue the fame batter as the f ore, and 
to face the artificial banks with ftone in the fame manner as already deferibed 


I do not know of any, fecurity againft inundations, in a country that is ae 
banks, otherwife than by making thofe banks, not only, fufficiently ftrong, but high 
enough to fuftain the greateft extreams, without being overflown : and it is.from. “tS 
alone, that thefe extreams are to be learnt. . . “s 


= 
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Vol, fie nae ¢ ager the 
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x feour of the fea channel ; it feems natural to be afked, if I do not look upon Denver Sluice 
‘in this light? 1 anfwer; that Denver Sluice is much too far up fr 1e out-fall to work 
any confiderable effeét either way ; but that the wztural effect of it, as well asthe hundred 
foot drain, fo far as they, rate on the harbour of Lynn, and fea channel belov 


be rather beneficial ; as be demonftrated froma circumftance 


hiftory, page 45, where, Speaking of the river Ow/e, he ‘Sas 


« the river ig much lower in neap than in fpring-tides ; 
n is lower than that of a neap. 


sculiarity of this river,) it is evident that t e fpring-ti 
e parts, could not get back again the fame tide ; but, in ead 4 
fpent itfelf up the river, and in the fens, before tha ice 
~~» that length, more ufeful to _check the tid 
than to fuffer it to {pend itfelf in the fens = 


out pow € in itl felf 











= ¥e- ~*~ . 
hey ught to I leaft 1 he extream |! and a : 
u noch broader.at-the level of the equinoOial tprins u f Lbe f o ¢ fources, tha 
works to produce this effect: but as this will lead meintoa fi 


not immediately conducing to the bufinefs in hand, fhall forbe 


he natural “any further at prefent- 
‘The ; 
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APP BaNUD-1 eX... 

Containing an Extraét from a Pamphlet’ printed in the Year 1742, fatd to be wrote by 
Mr. E/fobb; intituled, Some Thoughts on Mr. Rofewell’s and other Schemes, now 
propofed for amending Zyn# Channel and Harbour; in a Letter to the Merchants, 
Owners, and Malters of Ships, belonging to'the faid Place. 


GENTLEMEN, 

HE prefent ftate of your channel is now not only become the common topic of conyer- 

fation, butalfo the laudable care of the magiftracy, whofe ready difpofition to do fer- 
vice to the town, is evidently: manifefted by theearly fteps they have taken in) this affair ; 
in confequence of which, Mr. Rofewell, by ore of the honourable the commiflioners of 
the navy, has lately infpected the harbour and channel to feaward, down as low as the 
road, and has propofed a method, to remedy the evils, which he obferved at prefent ta 
attend them, and to preyent their growing bad for the future. 


But asT think the remedy he|propofes, will/not remove th evils he complains of, but 
will rather increafe them; fo I cannot forbear giving you my fentiments thereupon, tho’ 
without any defign of depreciating that gentleman, who I doubt not is fuficiently judicious 
in things of this kind. But as he came an entire ftranger to the place; and as Iam in- 
formed, took but a tranfient view of it, and formed moft of his fentiments, from the in- 
formation of people, prejudiced in favour of particular notions and opinions concerning 


the thing, it is not to be wondered at, that he is fo far wide of the matter. 


? 


& 


“dered fafe, and the channel maintained decp and good; but by the continual force of the faid 


a" 


His opinion it feems is, that the badne/i of the channel to feaward, is owing to.a bar of 


fays, he is informed, that the aid crutch-point on the eaft, and the point on the wef fide 
of the harbour’s mouth, formerly landlocked cach other, by which means the harbour was 


he lately grown up croft the eaft channel, about three miles below the crutch-point. And 


preferved ina great meafure from the fury of the north-weft winds, and flood tides, was,rén~ 


“an fides againft the weft point, and by the violent action and force of the fouth-we/t 
i againft the erutch-paint, on the caft fide, both thefe points of land are 
now much Jhortened, and: the harbour laid more open; fo that the fury of the northweft 
“win tears dwn the marches, endangers the banks, and threatens the ruin of fome of the 
lands on the eafl fide of the river,” betaween the block-houfe and the erutch ; the confequence of 
‘which may be (he fays) thetntire dofs of the harbour. Befides, fince the points are thus be- 
come open, (Lthink he fays), i ie the flood to form an eddy, by which means the filt 
furfides, pre formed the bar which he fo much complains of. ~ 





The 


[13 J 


The remedy therefore which he propofes is, to ered? two jetties, or wooden piers, one 
on ihe weft-point, to firetcheover to the eaftward; and the other on the crutch-psint, to ftreich 
itfelf to the wefward ; and fo tolandlock the harbour, as it formerly has been. 


By this means (fays he) the harbour will be proferved from the violence of the north-weft 
avinds and fload tides, will be rendered fafe and quitt, the eafl-channel recovered and the 
bar be fcoured away. . 


This, gentlemen, is his opinion, and the remedy he propofes. And now, with all due 
fubmiffion, I fhall beg leave to give you my fentiments thereon, 

‘Tis to be obferved, that in the prefent Metc of the harbour and channel, there are but 
two evils which have fallen under his not 


The fir(t is a bar of fand onthe eaft channel, three miles below thefe points, which bar 
hé fuppofes'to be latély grown up, and formed by means of aneddy in the-fl 
ocean flared ey the frorteninp Or -operte of the-frid-pointe.But-how the | of the 
{tate of thefe points could any way form fuch an eddy as to oceafion a bank of fand in the 
channel, at three miles diftance, issto me quite unconceivable. Befides, the bar isno new 
formed thing as “he fuppofes, but is of old flanding, as is well known to the gentlemen 
navigators ; tho’ “tis not always in the fame ftate, but often fluétuating and changing: 
being fometimes higher, fometimes lower, according as feafons have proved wet or dry, 
and the quantities of the ebbs and back-waters have been greater or lefs. Thus, in fome 
yery wet feafons, it has been almoft worn away, and the channel for a while maintained 
good; and in dry feafons again, it grows up, and the channel oat bad; which has 
lately been the ftate of it, tho” now,by the increafe of the back-waters tis alteady much 
mended. However, let the duration of it, and the formation of it be as they will, + 


removal of it is the thing. 


And ‘this I believe every one will agree mutt be effeed, by the ebbs and back-waters, 


which fhould be convey’d as entirely, unitedly, and direétly to it as pofliblesafo that they 
may exert their whole undiminifhed force and power thereon, without meeting ‘aie 
the 





ftops or impediments in their way. Tor the force of water in ee vay a fan 

deepening a channels is always proportional to the ENG) adting in a given yaa ee 
vigour or force with which every equal part of that quantity does a&t. Thus, for is ak 
if a tun of water was to pafS over a fand in a minute’s time, and every gallon > 
water exercifed a force on that fand, which may be ‘Yeprefented by 1 oF unity, then 
whole force exercifed in a minute’s time upon that fand, may be reprefented Cee 








Toad “ 
by the number 25%5 But if the quantity of the water aéting in the fame time be double, 
and the force with which every gallon aéts, be doubled allo, asiit will be if the velocity of 
the current be doubled, then the force whiehithe water exertifes upon the fand ina minute’s 


time will be four fold what it wasebefore, and in this cafe may bevexpreffed'by the 
number 1008. 


‘What then can we think of this gentleman's jeyies, which, inftead of conveying the back- 
waters and ebbs direétly to the bar without obftrucion, muft neceffarily divert them from 
it, and turn them over to the weftward, giving them fuch a courfe as will direct them 
much more into the welt channel, and caufe thenr-to {trike more directly again(t the breft 
fand than at préfent, and fo both leffen the quantity acting, and alfo the force with which 
every proportional part does aG fo that if the bar increafes and grows upon us now, we 
may then expeé the decay of the eaft channel Will be much accelerated ; for fure ’tis not 
a little abfurd to imagine, that turning the courfe of the ebb-water more to the weftward, 
can prothote the removal of a fand which lies in the eaft channel, or any way deepen or 
x. that. Too much of the ebb-water does already go down the weft-channel, which 

es too dircly in its prefent courfes but ifits dircion be. changed {ill morc.to the 
wetward, as it certainly will be by, thefe jetties, then the principal'part of the ebb-water 
will be turned into that channel, and other flade ways, which can afford it a paflage to the 
weftward 5 and the eaft channel will be almoft deferted, and left almoft dry every ebb. 
a and confequently in a little time would choak up, and be entirely loft. og 


“at 


So far then is the method this gentleman propofes from being a certain remedy to the 
eaft channel, that in all probability it will be the utter deftruétion of it, And thus much 
F for the firft evil he complains of. 


eam The other evil is, the wafhing away of the imarfhes, and the d i 
a v he lands on the eaft fide. i a ee 





&. This (I fhall beg leave to obferve) is a thing which more immediately concerns the land- 
.*° P ‘owners than’ this corporation. The fecurity of their eftates is certainly as much their 
’ bet } et_ concern, as the fecurity of thofe on the weft fide is the proper:concern, of the 


; oh os FE ng But (fays'this gentleman) the drowning of thefe lands will be the ruin of 


o. 4 y 
This I mutt confefs Ido by a 
a by no'means apprehend, Suppofe that two or three hundred 
Eos es of aces were every tide laid under water, not one gallon the lefs water would 
Z up the river than does at this prefent, and all the waters, which would then cover 
‘ » thefe 
ao 


eee) 
thefe lands in the time of flood, would be an additional quantity to return in the time of 
ebb, which would certainly very much help to feour away the bar, and maintain a good 










But fuppofe-that the fecurity of the harbour does depend upon the prefervation 
jware thefe jetties like to bé effectual for that purpofe ? I conceive not. *Wis 
y will leffen thejbeat of the tides during the time of high-water, which by the 
opening of thefe points, when thé north-well wind blows, is now very great, and wathes 
away the furface, and turf of theJand. very, fate; this: T fay would be in a great meafure 
prey ented. ©But then the flood-tide would be carried continually and dire@ly into the 
crutchsbite; and fo would: the ebb alfo , and. by the continual and violent a@tion of both, 
the lower fhores would be ground away,,and the bite. extended more and more to the eatt- 
ward, and the lands and»banks will be as effe€tually ruined by the undermining of the 
fhoresy asiby the wath and. beat of theaters upon the furface yetho’ perhaps not alto- 
gether in fofhort a time. 


chat 
of thefe 







true, th 


Now, as I think this will certainly be the confequence of this fcheme, fo I thought it an 
incumbent» duty to apprize yousofit, that you, whofe interefts depend upon the, meee 
tion of the navigatiomof this port, snay_make proper reprefentations againftite. =~ 


L know fomegentlemen are mightily alarmed_at the wearing away and opening of the 
two foremention’d points, as if the ruin of the harbour muft immediately enfue, and as if 
the goodnefs of the channel entirely depended upon the projecting or extending of 
thefe’points. But it may be remembered, that fome years ago, while Denver fluice was 
ftanding, and the reception of the flood leffen’d, and the back-waters prevented from 
coming*down, the quantity of the ebbs was then fo fmall, that it was all carried off by 
the weft-channel, and the eaft-channel was fo deferted, that at low water it was left 
almoft dry, which made it foon grow fo fhallow, that at the time of high water, there 
was not water furfficient for’any loaden fhips, all which were forced to go round at the 

_ back of the finds, and come through the welt channel up to town; and at that ~ 

S time thefe points were both far extended, and landlocked the harbour. ’Tis there - 
fore very evident, that the goodnefs of the channel does not depend upon the extention - 
prehend that there is fuch imminent danger i the opening om 
os 


‘The channel is now in as good a ftate as it commonly has been in for fome yea 
if we fhould in a little time have a continued wet feafon, which may happen, it will quickly 
be much mended. And I think it is much thebetter way, to truftto nature for a remedy, 3 
than to execute at a great expenfe fuch fchemes'as in all probability. will be vay Pet 
nicious and hurtful to the channel. ‘ ee eS 


> 


of thefe points, nor do Lap 
of them, as fome are inclined to think. me 

















“the mouth ofthe welt channel, juft about the 
would occafion it, 


liege} 


Some gentlemen it feems do plainly difCoyer the impropriety of Mi. Ro/ewell’s {elicme, 
but yet think fomething ought tobe done for the prefervation of the lands, andsthe amend- 
ment of the channel, and therefore are for ere@ting a jetty cfofs thé crutch-bite, all along 
the eaft fide, towards the block-houfe and another jetty on the welt-point, £0 extend this 
point more over to the eaftward. 


The firft, certainly, folongyas it ftands; if male fufficiently, high, will be a great fectirity 
to the marfhes, and lands on the eaft fide, andiwould prevent both flood and ebb from 
encroaching on that fide, and likewife aflift them in feouring away that perniciots point 
of fand, which extends itfelf from the weft point, fo far over to the eaftward, into the 
crutch-bite, for though the turf and vegetable foil at the weftpoint are much wafhed 
away and fhortened, the fand ftretching from that point is by that means much length- 
ened, and determines both the flood and ebb midxe over to the eaftward than before ; and 
fo far will it be from doing fervice to the channel, to extend that point, that ifthe vegetable 
foil was only fecured in its prefent limitations, and the point of fand intirely feoured 
away, it would certainly be much better for the channel, for then the ebb would not 
be’ foinclinable to go down the’welt channel, but would phocced more. directly to the 
bar, and aG& upon it with) much greater force than now, and confequently Keep it 
Jower, and maintain the eaft channel better ; and then perhaps the weft channel might 
gradually grow up. And happy would it be for Lynn, if that channel was intircly 
ftopped up, for it is the quantity of ebb that goes down that channel, that fo weakens 
the current iny the eaft channel, that inftead of feouring away the points of fand which 
project into it, it isftopped and retarded by them, and formed into vortices and eddies, 
‘which throw more and more filt upon them, and in fome places (as at the bar) extend 
them quite crofs the ‘channel; for it is by this means, and by the flood-tide coming up 
the weft channel, and forming an eddy at its entrance into the caft channel, that the 
bar fo much lained of is formed : for it is obfervable that this bar lies not far below 


place where one might expeét fuch eddies 


4 


therefore at the welt point, feems to me quite wrong, and I think will be 
If therefore a jetty muft be ereéted, I would advife it, not upon the welt 
pointy ut ee to the weftward of it, to extend itfelf to the northward, along 
the ‘eaft part of the breft fand. This would allow the ebb to fcour away the fand, that 
ftretches from the weft point and turn it more direétly down the ealt channel, towards the 
bar ; and would at the fame time very much fecure the caft fide from the violence of the 
wefterly and north-weft winds, an hhelter, to the harbour too from thefe winds. 

5 . = 3; And 
> 


> 
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And if the weft channel could be ftopped up, by the finking of old hutks loaded with 

{tones, or any other means, fo that the ebbs might be prevented from taking their courfe 
ones. - 4 Ja ; c 

that an we might then have great hopes Of maintaining the eaft channcl, in a much 
la ays § ther 


better ftate than it has ever yet been in. 


But as fome gentlemen are apt to imagine, that a jetty on the x ee By aed 
the ebb-water more oyer to the eaftward, will uinety it pioxesmto ae A “4 “ 
mu{t be acknowledged that it would have this sibs if this channe ae fea © 
the eaftward’ of that point. But the eaft channel itfelf is fituate far to the e 
the more the» ebb is carried to the eaftward by the jetty on 
be its direétion on its north fide, to arrive at 
this wefterly direction, the weft channel 


that point, and confequently 
its fouth fide, the more wefterly mult 

; : eit has received 
that channel; and when once it ha ¢ é # ee 
and other flade ways lie fo fair to receivesit, that in all probability very little o! 


go down the ea{t channel. 


The way then to direét it down the eaft peo dene a pet pe es, 
bs _ — cca ————. _ ener in a direct line for 
scencilial Some may object, that the wearing away of that ages 2 TE ea 
more open, and make it more turbulent and unfafe than at “Se vie ae ci 
ajetty from the weft marfh, to extend northward, along the eal fale ae et - es 
ina great mieafure prevent that. However, it 1s to Ee cabaer a el bali 
harbour, and the goodnefs of the channel, are two different things, a P ii 
The goodnefs of the channel will be promote Y 
the quantity of water that comes into it, and flows through * eo pe Aes: 
water, the greater the agitation, and the more turbulent. nis sg co} are i? ee 
tity of water, the lefs the agitation, and the quieter the har’ ce Oe ual 
channel, When fuch works are undertaken, therefore, the en: ae es a 
and things inconfiftent in themfelves fhould not be purfued at Fy 


one, may be pernicious to the other. 


confidered, 


jer th 
However, it is not to be expeéted, that thefe, or any other ee ee F 
channel con/tantly and unchangeably good, fo long as its courfe lies betw: 1 


F ‘ ot din 3 a 
fuch loofe and moveable fands. A rage of winds an aes Fe : a 
either of drought or rain, will occafion great alterations in fe a ‘rons ota 


fometimes for the worfe, becaufe even when the back ; oat 
moft likely to preferve a good channel, they will fometime ty ae fae z a a 
place, and let them drop in another place, where may be more p ra 2 cate 
channel than before ; and thus will the ftate of the channel be always : 


es 
and alterations, # 
D 


Vou. Wl. 


” 


fox J 


“hat the extent of ground inclofed, and defended by the 

in the Eaft Marfhes, and 47 in the Slade Marthes, t 
ides and interfperfed in which are creeks formerly and now 
mount of about three acres, making altogether a furface of 


ath. That befides the above, there is not only a much greater quantity of imban 
lands, which was chiefly taken in about the year 1719, but {till a much greater quantity 
s all the i banked land put together, ftill remaining unimbanked, over all which the 
"prin es ufually flowed before the imbankment, but the neap tides arely, and which 
now is the cafe with the greateft part of the unimbanked marfhes. ~ ey ‘ 


8th. That no frefh water river makes its way to fea through ie channel of 
of Wells, nor indeed any confiderable quaritity of frefh water of an denomina 


nel. that forms the harbour, , but the feve branches and creeks 
“(as is particularly diftinguifhed ¢ map mad id 
} ith fea wate e 
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¢ 7 o keep the channe of the harbour open. 
: s ES eae: 5 : : i pected the a _ oth. That in the year 1765, Freeftone’s Sluice having been originally confirutted in a> 
fight manner with fafcines, ftakes, piles, &c. ‘the mouth ereof was | much wi 
¢ been for fome time paft greatly impair: 7 
, ‘a 3 











| the harbour, in the’) 
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according to its defeription, and t €, which itt 
eS ae ' ending to produce the fame effet, which it is reported 


13th. That during the whole interval fince Freeftone’s Sluice was firft conftruéted in the 
year 1749, to the prefent time, the operation of the fluice has conftantly been (when in 
order) nearly the fame, vig. that of clearing and keeping in the fame good condition 
nearly all that part of the harbour and channel that lies between the mouth of the fluice 
and the upper or fouth end of the Pool. ; 


a a aa Parad of years fince the year 1749, the Pool has been filling up, 
owing lower, infomuch, that at low wat t the ti i 
ae a s \y er, at the time of my view, there was 


rth, It further appears from evidence, the! * ra lon; i i 

. 2 : at fo § period of years preceding all tl 

heer mentioned, the outfall c. siouth of the channel of the Moca: hs. 
ain very confiderably more to the weftward than at prefent, and i rom ti 

time changed more to the eaft. é pene SP aa 


16th, That formerly, chat is, within the comy f iredti 

7 i pals of 20 years, the direction of th a 
nel out to fea was N W. and that at that time the flow of the tide being in the we 
of the channel, during all the time of tide of flood, it was very eafy with a proper wind 
to bring veffels from the fea through this channel into the pool and harbour. 


17th, But that fince the channel has come more to the eaft, a irecti 
veered about, foas to have come now toaN. E. or N.E. ie tite aoe 
time of my view, it isa faét, that whenever the tide has rifen above the furfice : f a 
Broad Sands, the tide {till keeping its former direétion from N. W. to S. E a thes 
the vefels/acrols the channel upon the eaftern bank or fand, and therefore eat a 
ftrong leading wind veflels cannot enter without danger, and in fact fince thefe ie . 
have taken place, many fhips haye been loft, notwithftanding the {kill of the pil a, 
theno fimall difadvantage of and difparagement to the port. x all 


18th. ‘hat the diftance from the quay to the outfall of the channel is at prefent betwixt 


‘ Cae four miles, and that the channel both now lies and ever has lain, through large 


ati fands, from the northward or cut end of the i i 
pool to its outfall into the f 
ha! Fi . perfectly clean, and free from all particles that might create heccine 
. vied by fun. is capable of being blown by the wind, and moved by the cath. 

on agitation ofithelfea, and very confiderable changes are wrought by the action of the 


fea in great ftorms and tempelts; that this i ipti i 
Eg A, seg Ye is is the defcription of the fands in general 
at . 


' : roth. That 


= : Ry 
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roth. That the*breadth of this fand, or diftance from the pool to low water mark, has 
confiderably increafed within the memory of man. 


2oth. That the channel from the Shelf without the north part of the pool to the fea 
has now as much, and about the fame draught of water or flow of tide at high water, as it 
has been known to have in man’s memory. 


aift. That the port of Wells is of great confequence not only from its fituation with 
refpeét to the {urrounding country, but alfo from the traffick fettled in the place, and 
therefore that. nothing ought to be done that can be of real detriment thereto- 


T have thrown together the above leading faéts not only for my own eafe in com- 
intions, but that from this general view of the 


pofition, by avoiding more tedious defi 
owed in my reafonings thereupon. 


flate of facts, I may be the more readil 
From the above there naturally arife the following queftions = 


aft. \What-is the natural caufe.of the decay of the harbour of Wells? 


2d. Whether the imbankment in queftion made in the year 1758 have materially con 


tributed thereto ? 


3d, Whether the removal of that imbankment will contribute to a material amend- 


ment thereof? 
Queftion the firft. —What is the natural caufe of the decay of the harbour of Wells. 
from what it has been in former times 


To have a clear and comprehenfive view of the caufe of decay, it will be neceflary to 
fhew the natural caules by which the port of Wells has been formed. s 
i - = > 
We areall apprifed that notwith{tanding the annual downfalls of rain and fhow upon the, 
Jand, which run into the fea in every part of the habitable globe, the quaatty, of water 
contained in the fea is never the greater’; and this may‘reafonably, be expetted when we 
cotifider that the exhalations which form thofe rains and fnows,are chiefly raifed ae ; 
- Sb 
& 


The floods and torrents that make their way from the farface of the land, in’ confe- 


quence of the rainsand fhows, take along withithem great quantities of clayey, earthy, and 


fandy matter (intermixed with many other kinds of matter, which it is needlefs here to 
enumerate) 





fea by the power of the fun and winds, 


rj 





ee) 
enumerate) down into the channels of the rivers, and are by the violence of the torrents 
carried to the fea, and there in appearance difperied.—Thefe kinds of matter, not 
being capable of being raifed again, and returned back to the Jand,.as the water 5 it 
neceflarily follows that the quantity of fandy and earthy matter that is depofited in the 
fea, is inacontinual though apparently very flow ftate of increafe, and by the conftant 
flux of the tides, and the agitation of the winds, thofe materials fo depofited are capable 
of being removed from the parts adjacent to their entry into the fea, not only to the 
neighbouring, but evento very diftant parts; and though the remarkable quantity of fand 
foil in the county of Norfolk may in part account for the yaft quantities of fands on 
the coaft thereof, extending as it were in one continued chain from the coaft of Lincoln. 
hire, very much infefting the great bay between the two counties called the wa/p, and 
itll extending coaftways far beyond the port of Wells, even to Cromer, as 1 have, been 
informed, yet it is by no means neceflary to’ fuppofe that they have a//, or in the 
greateft meafure, proceeded from the land of the two counties, to the coafts of which 
they now lie contiguous ; they may as well haye proceeded from parts far more diftant 
and that brought hither by the inceflant a@ion of the winds and tides, they find a pla 3 
better adapted to their reception and-rcpole than. thofe. from sae -— came me 
indeed it may alfo be as well fuppofed that they may in part have come from thofe Roatts 
P rie by the particular fet of the wind and tides have been wa/ting for ages palt, as to 
ml ‘pPate that they all proceed from the high lands of any place or kingdom whatfoever. 






It is howewer of no confequence to our ar; i 

Ati i gument to point out whence they came; it i 
ix fufficient that they have:come, and that being here depofited, and finding it ao on 
_ they are lefs liable to be carried away than they were to be brought hither, 
bain whole muft increafe, and fince there appears no 

» |. an be»returned'to the high grounds, or coafts from wh h i 

a : } nds, ; m_whence they were brought, it muft 
‘ollow that they muft continue to increafe, till fome contrary power of Nature fhall take 


_» place we are not acquainted with i i 
ae a quaint » or the Plage of fag Teception become entirtly 
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‘ the quantity 
power of nature by which they 





ae then es the attachment of fandy and earthy matter to this coalt is in a 
late of ne itis as much out of any human power to prevent, as 
a e fandy and earthy matter from being wafhed down from the ee 
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b e need Tot therefore extend our views further to be enabled to {ee clearly, that 


in fome former is, in fome ftal $ 
o. ne ries oe i of the progreffion of this work of Nature, there 
ms ‘ ig mo! a naked fand lay againft the bare coaft of the 


‘ elevated 
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slevated ground upon which the town of Wells now ftands, which we may fuppofe 
‘hilar to that which now lies between Wells Mitls or Marram Hill; and the low water 


at fea, which being upon one regular dec line, the tide water can flow and reflow over the 

furface without channel or creek; and im this ftate, as there would be no harbour, there 

would not on that account be need of a town: but let, the breadth of the fand gradually 

increafe to double, and then the declivity would become too fmall for the tidal water left 

by ‘the flood to make its retreat fo as to keep pace in its returm with the ebb at fea; and 

therefore a body of water being thus left behind; and having a fenfible decliyity towards 
the fea, would naturally make its way into the loweft fades, and’ there cut a gu/ly, which 
(if not formed gradually as may be fuppofed) would foon be enlarged by the influx and 
efflux of the tide; and thereby a fcour would be produced through this paffage enough 
to keep it open, in a degree fufficient to let the water in and out, tillit became fo quiet 
as in a manner to ceafe the operation: ving ; but the breadth of the fands gradually 
increafing, a greater body and furface. cf water will wanta paflage, and the power of 
feouring: will inereafe with it; the gully will therefore by the fame flow degrees enlarge to 
a creek, or fleet as it is here called, and leffer ones avill be formed sto conduét the water 
more readily into.the larger. Lax eee ree 





nding this operation is, that the parts of the fand furtheft diftant 

from Jow water, being lefS liable to agitation from winds and tides, the fand intermixed 

with the finer particles of earthy and clayey matter brought in by the tides, are the moft 

réadily and quietly lodged there; and particularly the earthy and clayey particles will 

find a refting place, which binding the fand, together, the whole will continue to rife, 

till at a certain height, and in confequence of a certain length of time of abfence of the | 

falt water each tide, and expofure to the fun and air, the furface becomes fitted for vege- 

tation, and by degrees will grow a certain fpecies of grafs, and become a falt marth 5 $4 
the grafs again, entangling and locking up the earthy matter, will caufe it to continue to se 
rife, and in an increafed ratio, as the water upon the plain grafs furfaces becomes more: S « | 
fhallow, and in.confequence more ftill, and free from the agitation of external difturbing = 


caufes, — id 


During this period, as the marfhes haye increafed ian ee haye alfo “=. ae : 
in breadth, and in confequence a greater ‘body of water, WAR left upon them; the 
gullies and creeks therefore; as they multiplied in number with the increale of bread : 

the larger ones would increafe in {ze and depth, and if all were ultimately collected into” € =) 
ame, as has been the eafe with the channel. of Wells Harbour, the {cour would be fat a 


The natural progrefs atte 


ficient to maintain a channel through which veffels: might be brought fon i ee 
i ae as ee 
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of the whole muft diminifh. 
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thus an ufeful Harbour would be formed, which would increafe in depth and utility by 
the continuance of the forming powens, but yet, only to a certain degree. 


I have faid that, as the marfhes increafed in breadth and height, more water wanting a 
paflage to the fea would be left upon them; and this, fo far as regards breadth, is felf- 
evident ; but as the increafe of height diminifhes the depth of water upon them at high 
water, that the quantity left)behind upon the whole will be greater, needs fome explana- 
tion. In refpect to this, it is obvious to eyery one who views the fubject, that while the 
depth of water upon the marfhes is confiderable, the water makes its way to fea by fettling 
gradually, and pafles off in the neareft direétion over the marfh furfaces, without haying 
any need for the gullies and creeks as drains; it is therefore perhaps only the laft half 
foot that may need the gullies; which, however, being limited to fome certain thicknefs 
(be it half a foot more or lefs), and this thickneS much lefs than the depth at high water, 
the quantity fo left will be in proportion to the quantity of furface; and the number of 
gullies, being alfo in proportion to furface, the aggregate of the whole and the {cour 
thereof in the Jaft channel will alfo be proportionably increafed ; itis likewife remarked, 
that in fa&t, the feour is not very material ti] the water upon.the marfhes has ebbed near 


ie furface, that is, until it is juft retreating into the gullies, when the principal fcour 
egins. 


Under thefe cireumftances, the fcour would increafe and confequently the goodnefs of 
the harbour of Wells would naturally improve, while the neap tides covered the furface 
of the marthes 5 but as the fame progreflion would in time caufe the furface of the falt 

_ marfhes to nile above the ordinary neap tides, the [cour would then begin to diminith 
becaufe, being not only deprived of the efflux of the water from the grafs furfaces into the 
gullies a number of -times in a fortnight, the {cour of thefe gullies becoming immediate] 
lefs, they would themfelyes begin to choak up, and contain lefs Sollowing water ; ant 

» therefore, in both refpects, the fcour being diminifhed in each particular gully, esta 





moft probable that this harbour; from the flow progrefs of the changes above {pee 
a y_ have continued ina very flourifhing ftate for a long term of years, reaching 
jond all record; though it is likely that for a part of that time it may have 
perp reality ina ftate of decay, and which we will now fhew will naturally refult from 
‘the fame progreffion of.caufes that carried it to its maturity ; fo that after having clearly 
feen from what natural caufes the Harbour has been produced out of the fea without a 


freth water river to. give it Birth, we shall then fee the natural ich i 
mult be attributed, we A ‘al caufes to which its decay 
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Lge tiiae al 
From what has been laid down, it will appear moft manifeft that the rifing or elevation 

a. = Fy — te 9° 
of the furface of the falt marfhes, by a frefh acceffion of fea mud which they will acquire 
more or lefs every time they are oyerflown, will not {top at the neap tides, but 





ill gradually 
rife higher and higher towards the high water of {pring tides; and if after that they were 
only to be overflown in the great {prings or raging tides, yet as every one of thele tides 
will depofit fomething, they will ultimately be fhut upat the height of the extreme high 
watet, though no imbankment whatever was;to take place; and this will alfo happen in 
fucceflion to the gullies, creeks, &c. 


For as the furface of thefe marshes rifes higher and higher from the neap towards the 
{pring tide mark, they will be lefs and lefs often overflown, and the gullies made “by the 
reflux of the tidal water from their furface will become lefs and lefS capacious, and in 
confequence of a want of reflow, the creeke will fuffer the fame fate, and laftly, the fleets 
and main channel: But as the tide water flowing in through the channel, fleets, creeks, 
and gullies, to the feveral extremities of its branches muft flow back the fame way, it is 
the extremities that will be firlt Janded up, becaufe every part betwixtifuch extremity and 
the fea will have-water_beyond-it-to- flow-over-orthrought it, and thereby. producing fome 
degree of a fcour, will keep open a paflage cither greater or lefs, while any water can 
et beyond it; and hence we muft expeét, that the parts of the channel moft diftant 
from the fea will be thofe that in a (tate of nature will foonelt lofe their depth and 
capacity, till progreflively, from the extremities towards the fea, the gullies, creeks, fleets, 
and main channel will become folid land ; and fo far it appears from teftimony, that long 
before the imbankation in the year 1758, nature had got on fo far in its progrefs in the 
decay of Wells Harbour, that it was much complained of; and the upper part between 
the quay and the pool was got fo bad, that the goods were in general lightered up to 
the quay, and that for remedy thereof, Freeftone’s Sluice was built in the year 1749, 
which produced a good effect in clearing that part ofthe Harbour. As then it plainly ap- 
pears from the preceding difcourfe, that the progreffion of nature has no tendency to 
cure the evils complained of, but {till to increafe them, they are in confequence incapable” ~ 
of any remedy, except what can be applied by the ingenuity and labour of man. 


We now come to the 2d queftion, whether the imbankment made in 1758 has ameter 
contributed to the decay of the harbour of Wells? 


From what has preceded it has been clearly fhewn, that as the keeping open and « 
maintaining the channel entirely depends upon the reflow of the tide water, or back qwater 
as if is called, whatever cuts off and diminifhes this, muft be a detriment to the feour, 
and confequently to the maintenance of the channel ; 1 therefore do not hefitate in faying,, 
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that all the imbankments both eaft and weft of the town of Wells, the water received 
upon the furfaces of which, and into their gullicsand creeks, ufed to make its way back to 
the fea by the channel of Wells Harbour, mutt haye co-operated with the progreflion of 
nature, and thereby tended to bring on more fpeedily a general want of depth, w hich, as 
it has been already remarked, will be firft perceived at thofe parts of the tidal flow the 
_moft remote from the fea; nay, we may go fo far as to fay, thatif a bucket of water 
were taken up in the upper part of Wells Harbour, and not fuffered to reflow, it might 
prevent the difplacing of fome particle of matter that had been lodged therein by fome 
preceding tide. In this fentiment I fuppofe every able engineer and fkilful perfon that 
has viewed the premifes will join as a general opinion, but though very true as a general 
fentiment, yet the whole merit of the queftion depends upon the quantum, the how much 
damage could refult from thofe artificial means ; and as in this itappears that the opinion 
of different men have widely differed, I will p oveed to ftate my own with all the precifion 
and clearnefs I am able. 


Now, if the breadth of the fands continue upon the increafe, we muft conclude that the 
t lux of the tida! water from the whole furfacc coyercd continues, upon the whole, if not 
| greater, as great as formerly, and therefore will maintain as good a channel to fea at the 
~ outfall at low water ; nor does it appear from any teftimony that, from the fcalp to the 
outfall of the channel into the fea, there is a lefs depth at high water than formerly 
ae exifted; the complaints and appearance of a diminution of depth of the harbour are from 
=. - the lower or north end of the Pool upwards towards the town. It appears therefore, that 
a the upper part of the channel that lies contiguous to the main land is Janding up, and 

~ that in faét the harbour is moying towards the fea. 





It does not appear from teftimony that the filling up of the Pool, or its growing 
= " fhallower, fo that fhips cannot now lay afloat or {wing round in tiers as they ufed to do at 
~~ low water, has been a matter very much complainedoof till after the imbankment of 17.58 ; 








the ill effeéts have become fenfible to feamen, and thofe ufing the harbour; and indeed 
~velearly appears to me, that the filling up of the Pool fooner or later, is only a link in the 


ns Ke aa .. ». 
* a chain of caufes that muft haye operated fovas to produce this effect, whether any 
ie “im: tent had been made or not. s 
ae a 
‘+. Ras : 
eg? “To fee this cleatly we have nothing to do but to advert to the fituation of the Pool, for 
sa it begins juft below orabout where the //’¢/? Meet falls into the main channel. ‘This Fleet 


receivedjthe drainage and back waters from the Halkham marfhes, which appear to have been 
qaProriently of much greater extent than at prefent, and confequently the back water or 


teflow 
Ponia 
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reflow mutt have been very confiderable from this great extent of furface, as well as that 
which {till lies unembanked, and which being joined by the great reflow k water from 
the Eaft Fleet, the Little Fleet, and the Haven Creek, with all their exten pendeneies, 
muft have formed a great and rapid feour of back water, efpecially when it is adverted to, 
that it is confined within a narrow compafs between the Holkham and the Wells Marram 








Hills or Miels ; we mutt therefore expeét no lefs than a very deep channel in this extent, 
well deferving the name of The Pool. And that this confinement of the whole water both 
of flood and ebb, between the hills juft mentioned, gave an additional fcouring power to 
the tidal water, appears further from this, that the Pool never appeared to be of further . 
extent northwards till this opening between the hills being cleared, the ‘tidal water 
having an opportunity of efcaping on tide of ebb over the broad fands lying without 
thofe points, its force became diffipated, and the great and fudden {cour ceafed, that caufed 
this deep water even in that age when the’whole fcour was inits greateft degree of ftrength 
and_perfe@tion, and the depth and goodnefs of the harbour comfequept upon it, But 
whenever (as has been fhewn) the fcour beyond it became diminifhed by the rifing of 
the marfhes above the high water of neap tides, the depth of the pool would begin to 
diminith, for the feours would tent be uttable“tofeoop-out-the fands from fo.great a depth 
as before, that would be continually brought in by the N. W. winds at Holkham Gap, 


from the broad fands lying to the north thereof, and then by the Welt Fleet carried down 





into the Pool. 


Nor is the Holkham Gap the only fource from whence the fands brought down by 


the Welt Fleet might be colleéted ; for I look upon it that the infide, that is the fouth fide, te ti 
of the Holkham Miel Hills, is continually melted down by winds and. rains into the : 
great area or bay drained by the Welt Fleet, while thofe hills are continually fupplied with 
frefh fand blown up by. the force of the Nand N. W..winds upon and over them, ae 
from the broad fands that are yearly extending more and more from thence’ to the north- =F | 
wards into the fea; the higheft*parts of which broad fands being frequently left at neap 
dried by the fun, are by the wind capable of being blown up in ; 
great quantities, fo as to raife and continue thofe hills far “above the pi Mes s a 3 
tides whatever, though compofed of nothing more than a blown fand ee fea, {¢ " 
what united by the bent grafs that grows up through the fame, of whi ere - t 


many examples in various parts of the kingdom. 


tides long enough to be 








the pool was in its full perfection, it is probable fee 10%, z 
i now » 

was yery much deeper than it has ever been reported by any teftimon or ie a 

extant, and fo long asit continued deep enough for the purpofes of thi , there = 


| 
be no caufe for complaint ; and till it became too fhallow for thips to fwing ole ae | 


In that age when the feour at 
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its diminution of depth would be little regarded. There is therefore no doubt but that 
the Pool was growing fhallower long before the imbankment of Holkham marfhes, as a 
confiderable length of time mult haye elapfed between the period when Holkham imbanked 
marfhes were jutt rifing above the high water of neap tides, and their acquiring the height 
at which they were imbanked ; and which height I judge was not materially different from 
the prelent. 


%, 


natural feour arifing therefrom was diminifhed from what it had been, and though they 
~ had not 0 sn imbanked, would have been ftill much lefs at this day. Yet to great a fur- 
face as 560 acres, the drainage of which plainly appears by the map to have made its way 
out to fea by the Welt Fleet, being cut off all «* ence in the year 1719, and 108 acres more 
in the year 1721, the-whole of this together *seunting to 668 acres, may reafonably be 
prefumed to havéshad fome fenfible operation i accelerating the effects that nature in her 
progreflion would afterwards have brought on, though no artificial imbankment had been 
made ; but it by no means follows, that the effects of thofeimbankments mutt be immediately 
: ‘ceived at the Pool.. This by. flow and.impercepuble degrees mutt be fuppofed going on 
© as before, and by lefs flow, but yet imperceptible degrees might be going on after; yet 
‘this muft be attended to, that in proportion as the feour of the weft fleet was diminifhed 
at by: the lofs of the imbanked. marfhes, the power of the fame fcour would be di- 
“minifhed to carry down the fand continually into the pool, as it before ufed to do, 
fo that till the great bay that ftill continues to be drained by the welt fleet, as it were 
_gorged with fand from Holkham Gap and Holkham Miels, it-would not be brought 
ge ier ain fo great quantities eachtide as before the Holkham imbankment; and therefore 
ee Baas it appears that the whole progrefs of this bufinefs is very flow, it muft be expected to 
? have been’a feries of years between the cau/e from the Holkham imbankment and the 
Bi ccges ot perceivable in the fanding up of the pool ; and in cafe this neceflary 


* When the ground of Holkham marfhes was become high enough for embankment, the 















/periodiof years extended from the year 1726 to the yeat 1758, that is near 4o years, at 
_ which time the laft imbankment was made, then’ thofe would become cofemporaneous events, 
and it would be no —_ the united effeéts of the Holkham imbankment, and that of 
the\@hurch marfhes in the year'1719; and alfo of the Welt marfhes of Wells in the year 
in the whole 572 derés, together with the additional lofs of feour from the 
falt marfhes which yet remain unimbanked to the amount of between 15 
icres, the drainage of all which have their outfall through the Pool ; I 
io Wonder if under thefe circumftances the united effects tending to land 
“up the pool ‘oul ed to the account of the imbankment made in the year 1758, 

ae if it were po to fuppofe that the imbankment made that year of 64 acres could have 
eae effet, the obje&t of this imbankment amounted to no more than 5, part of 
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the whole quantity concerned in producing it ; when it remains problematical, whether the 
effect of the 572 acres taken in before, which is near nine times as much, would alone 
have been fenfible, if the effects thereof had not been mixed with what might have arifen 
from nature’s fimple progreflion, in cafe its operation had been no ways difturbed by 


that of art. 


I find myfelf therefore forced by fair induétion to infer, that though ftriétly fpeaking the 
effect of every thing that has an effect mult be /omething, yet that the imbankment of the 
flade marfhes in the year 1758, could not in any fenfible degree capable of meafure or 
eftimation contribute to the landing up of the pool. 


The effeét thereof upon the outward part of the channel mutt be ftill more remote; for 
it does not appear from any principles obfervation, or praétice, that when a back 
water, even aflifted by a freth water river ever fo large; makes its way through. broad 
moveable fands, it has any tendency in itlelf to make its way out fo»fea in this direétion 
more than in that. THe*Natural tendency of water is to make its way in whatever 
dire@ion if Ride the CPeATE CeCITOTTY 5 and Te thratHrappen- to-be-in-the-fhortelt direction, 
it has no natural tendency to gain a longer courfe, as that would leffen the declivity + Tf 
therefore water is found going in a courfe that is not the fhortefty ream conclude (and * 
on examining we always find) that this longer courfeis owing to the intervention of fome % 
object fo placed, that the water can have in that particular part a more {peedy defcent in a 
dire@tion different from that which would form the fhorteft line of the whole defeent ; and es. 
from caules of this kind a ftream may have a courle in every poffible degree meandering ss 
that we frequently obferve in nature. vey 




















If therefore the courfe of the out-fall channel to. fea at low water was ina north-welt di- 
reétion through the broad fands, as it feems very well attefted to have been in former times : 
and if at thofe times the courfe of the channel correfponded with the general fet of thetides 
upon the coaft, fo that veflels going in or out through the out-fall channel werenot driven ze 
of their proper courfe by a fet of the tide cro/ the channel, as 1s faid to be the lee 
it may be imputed to fome of thofe lucky caufes that operated in fayour a tho a 3 
no {trength of back water alone could haye’a natural tendency to produce t he — a ; 
if the accidental operation of contrary caufes, as fappofe winds and tides, ‘a er a : 
alone, or as acting in correfpondence withthe regular progreflion of nature al ne 
has brought the direction of the out channel into a fituation lefs favoural je ton 
than it ufed to be formerly, at the fame time that it has produced a fhorter cou 
fea, than it would have if returned to its former direction; Lam therefore clearly 


that no inefeafe of back water, even if aided by a frefh water river, 4 
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down this channel, would ever tante it to return to its former north weltern direftion, 
fo as to difembogue itfelf, ata place confiderably more weft than the prefent outfall. 


I donot however mean to fay that it cannot return, but that if it does, it muft be in virtue 
of caufes operating in a contrary way to thofe which have brought the mouth of the channel 
from the weftward towards the eaft, and not in virtue of any change that can be expeded 
to be wrought fimply by an increafe of back water; for that would ‘be to make a more 
rapid ftream have a tendency to go a longer journey to fea in preference to a fhorter. 


Tt is alledged indeed, that, from a general increafe of the breadth of fands upon the 
coaft, itis now further from the north end of the pool to fea than it ufed formerly to 
be, but this muft be underftood of the ftrai§ht line from the faid point to Jow water 
without regard to the direétion of the channel. For though the prefent channel fhould 
be as long from the pool to the fea, or longer than formerly; yet from the general increafe 

; of the breadth of the fands, were the channel to go much further weftward than at prefent 
= it would have a longer courle to fea at low water. ; 
* P 
: 7S What may have been the particular caufes that have brought the mouth of the 
is channel more to the eaft than formerly, does not appear material to the prefent queftion; 
but to give fatisfaétion as far as lam able, I will hazard the following conjeSure: It is an 
__ obfervation univerfally agreed upon, that the N. W. winds make the highelt tides in the 
’ whole Gegpan Ocean ; the N. W. winds, then, accompanied by Aigher tides will produce 
"more agitation, and’eonfequently carry the fands from the N. W. ealtward, in a greater de- 
gree than that in which equal windsfrom the fouth-eaft accompanied by lefler tides will brin 
them back 3 and according to the local direction of the coaft here, they dire€tly tend to a 
mulate them upon the fhoretoward the N.E. If this is a true folution, as I apprehended it 

















Py an in the laft feven years, as appeared from the marks I was fhewn for its 
nse Pp meepmpared with its prefent place ;  notwithftanding that Blakeney 
.. iis 4 two large freth water rivulets that make theirway together through this 
t +‘ » # : a, {mall advantage towards keeping it open. The placealfojof the outfall 
_ at low water of ‘the alt difcharge from the falt water crecks called Wareham Deeps, I 

Pa was ag have removed its place further eaftward, than it was at Michaelmas laft, PF 
: feveral 
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feveral hundred yards, and that chiefly within the compafs of the preceding three weeks to 
my view, during which very {trong north wefterly winds had prevailed Wareham Deeps 


lie betwixt Blakeney Outfall Channel, and that of Wells. 


There is one thing more refpeéting the outfall channel of Wells Harbour that it 
may be proper to touch upon, and that is, the bar that is defcribed in Beiderman’s 
map to lie acrofs the mouth of the channel fo as to be prejudicial to the entry of veflels; 
but after what has been faid, be the impediment arifing from hence greater or lefs, it 
cannot be imputed to the imbankment of marfhes ; but to the fport of winds and feas at 
the place, which will further appear from this circumftance ; that when 1 was examining 
this place at dead low water of a {pring tide, viz. the 1sth of March laft, I did not 
obferve there was any appearance of a bar, the courfe of the channel being right 
out to fea, ateN. E. by N. by the corqiafs, yet in another feafon itsmay probably 


return. 
Hence, from the above premiles, I muftentirely acquit the whole of the imbankments, 


from: having- been -in-any-degree-contributony..to theldifagreeable effects arifing from the 


change of the outfall channel of Wells Harbour. 


What I have further to fay, will come moft naturally under the third and lat , 


queftion propofed. : 





Queftion the 3d, Whether the removal of the imbankment of thé Slade Marfhes will 
contribute to any material amendment of Wells Harbour ? 





It appears clearly from what has preceded, that. the progreffional operation of nature, | 
which originally formed the harbour of Wells and brought it to maturity, has alfo y 
occafioned it to grow more and more into a ftate of decay ; and will finally. clofe it up, © Fo 
and convert into firm ground, fit for arable purpofes, and thofe_ of pafturage, the | - 


very {pot where fhips have rode at anchor ; and that this being the progreffion of nature ee 











: 


cannot be countervailed in any degree, but by the induftry, art, and hand of a ; 








It is a fa@ well eftablifhed by evidence, that, previous to the eregtion of Fre 
Sluice in 1749, the upper parts of HH harbour, as far down'as the pool, had gal 
xp to that degree, that the {hipping, which chiefly laid in the pool, were obliges 
have a great part of their ladings brought and carried to and from the town 
lighters. That upon the erection of Freeftone’s Sluice (which as far as appears was 
the very firft attempt in this harbour to counteraét the operations ne by art i és i 
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rude and fimple piece of art fucceeded fo far as in a very great meafure if not effectually 
to relieve the diftrefs that they then laboured under ; viz. that of the quays being in great 
meafure inacceflible to fhipping ; a con{truion fo rude, that though bearing the name of a 
Juice, it would feem as if it had been one of the firft attempts to obtain relief by art, before 
fluices had been invented ; and hence we may infer, that if this did fo much, what might 
have been effected by a real /luice, built upon a proper and regular conftruétion. ‘Vhis 
fluice however was attended with a beneficial effect fo long as it lafted ; and when it went 
to decay, the part of the harbour affected by it reverted to its former ftate. 


In the year 1765 they again fet about to relieve themfelves, not by building a fluice 
upon.a better plan, but by ereéting a new one upon the fame plan, upon frefh ground, 
with better, and as they expected more durable materials: And this fluice reproduced 
atrefh the effeét of the former, which has ind&ed continued to this day. “But in the year 
1977 it was difcovered to be defedtive and liable to fail on account of the timber wherewith 
it was built being eaten with a fea worm, unknown in thefe parts before, that had attacked 
it, On this occafion Mr, Wooler, an ingenious engineer, very competent to the bufinefs 
was called in, who very judicioufly advifed, not only to build a new fluice upon ‘ 
ng foundation, and of more durable materials, but of a different conftruétion, fo as to 
give a better effe&t to the iffuing waters, as the be(t means for preventing the harbour 
going to decay. This falutary advice however appears to have been rejected by the 
commiffioners of the harbour, on account of the expenfe ; in lieu thereof, they adopted 
another expedient, which, as they thought, was liable to be attended with lefs expenfe 
and quite as effectual. Having obferved, on popular grounds, that many things had aie 
wrong with the harbour fince the laft imbankment in 1758, they fuppofed that they were 
the effects of that meafure ; and inferred that by removing the caule, the effeéts moult as 
and every thing come right again, It fhall therefore now be my bufinefs fairly and full ; 
to examine what foundation there was, or may be, for fuch a fuppofition. . 


As the commiflioners of the harbour I i 
ie ee prefume did not pretend. to profeffional fkill in 
civilengincering, they could beno otherways blameable for misjudging in a matter dependent 


Se: on that’art, than that had they fully examined the 


@ 


aed For in the year 1749 the waters of the Slade Marthes had not 
rinterrupted in their operation, and yet this harbour was become choaked 

pa pt and had 
~  gotmto fo-bad a flate, as to call aloud for immediate relief ; what reafon ich had they 


“to expedt it in th i i 
x. igs ve? € year 1778, when, according to the natural progreflion, 


ig spite ile queftion upon the like popular grounds 
3 oe intelligible to all men, they would have feen there was no jult Piaite, 


every thing had 
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In 1758 Freeftone’s Sluice had gone to decay, and the harbour was fpeedily reverting to 
the ftate in which it had been before the year 1749. Now had the operation of the Slade 
Marth waters been obferyed to have been of any material confequence, the iinbankation 
of 1758 would have been oppofed and objected to at the time, which yet does not appears 
and had any bad effeéts appeared to have arifen from the imbankation in the year 1768, 
that is ten years after the imbankment, and three years after the rebuilding of the fluice, 
when an application to Parliament was neceflary to get frefh powers to defray the expenfes 
incurred by that ereCtion, &c., it would Have been natural to endeavour to get fome equi- 
valent for theidamage, or at leaft, as fluice-building muft then appear to be the beft expe- 
dient, to have got powers over the grounds in the unimbanked marfhes'to enable them to 
ereét fuch proper additional works, as might from time to time be neceflary; and which 
might have been expeéted upon eafy terms, and without depending on leave being always 
given in cafe any, damage to the harbour hid been felt or apprehended from the imbank- 
ment, becaufe the more amicable terms fubfilted at that time between Sir John Turner and 
the commiffioners, the lefs he could have oppofed or denied fo reafonable a requeft. But 
yet nothing of this appears, or indeed any other, till after the year 17.77, when Mr. Wooler 
had reportéd that a proper fluice was “ of the utmoft importance towards keeping the 
« channel of the harbour open, and clear of the fands thacare*conftantly brought in by 
« the tides;’’ and that {uch a work would probably coft the fum of £2,000. Thefe f 
fay are popular arguments, which as every one can equally fee the force of them, ought 
to have induced the commiffioners to feek relief, by purfuing means of reducing | 
Mr. Wooler’s advice to execution, rather than deliver the Slade Marfhes once more to the e = 
empire of the falt waters: but as a profeffional man, I conceive it will be expected from ; J 
me to give a direct proof of the efficacy of this idea; of this I thall therefore endeavour © 
to acquit myfelf in the cleareft manner poflible. 


Refpeéting that part of the laft.imbanked marthes that lies welt of the ancient imbank- Po 
ments, comprehending 16 acres, it is evidently ofno more account than any other 1 Gacres, Piped 
that lie immediately upon the haven creek, and whofe waters immediately ebb within the 
tide, without pafling through the fluice ; that is, they would have no other effet in fcouring _ 
than as making a part of 1770 acres, the water from which makes its way to Ze2, the : 
Pool; but with refpect to the forty-feven acres that lie eaftward of the ancient : “a8 
ment, and are called the Slade, or Slade Marthes, they appear tome to have a 


import. = 


‘The reafon why the waters pafling the fluice have a greater effect in feouring tham ut 
which return to fea without paffing the fluice, is, becaufe by the contraéted opening of oe 
paffage of the fluice, the waters that lie in the creeks behind it are detained from eae . 
quicklyas they otherwife would have done; thatis, their numerous mouths when always a : 
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reduced the level of the water contained therein, to nearly the fame level as that of the 
water in the main channel of the harbour, being ftopped by dams made acrofs and 
united by crof§ paflages into one, and the mouth of this being contracted by the work 
called the fluice, a body of water is held back in thefe creeks, as referyoirs, which not 
being’ able to efcape fo fait as the tide ebbs in the main channel, it follows, that a body 
of water by thefe means is vended upon, and after the half ebb, which difcharging itlelf 
into the harbour’s creek, forms a {cour when the depth is fo much leffened as to operate 
with power in grinding the bottom, which otherwife would have been fo languid as not 
to have ftirred a grain of fand or mud, in which cafe its effect would be little or nothing. 
‘This artificial) feour thus procured, in fome degree imitates the efle&t of a frefh water 
river, which in thefe fituations is very greatly beneficial, not from any virtue there is in 
frefh water preferable to falt in thele cafes (sony thing rather lefs on account of its lef 
fpecific weight), but from its having a fall for! che land, and proceeding therefrom con- 
tinually it not only ftrengthens the ebb, but running to fea at low water when the fall 
being greateft, and the fandy bottom expofed to its action, it continues to work at a time 
when it can operate to the beft advantage ; and when the ordinary current: of a river is 
affifted by extraordinary Jand floods and frefhes from downfalls of rain and f{now, and 
this operating at low water, when, as juft remarked, the fall is the greateft, in fuch cafes 
' it is capable of producing extraordinary effects, and of keeping a harbour continually 
open with a channel of a given magnitude, though loaded with fands in any poflible 
degree: for a frefh water fiver has this peculiar advantage, that at the fame time that it 
-. ftrengthens the feouring power of the ebb, it operates moft forcibly at low water, when 
there is the eat to obftruét its operation ; it oppofes the tide of flood from the fea, and 
- thereby prevents its bringing fo much fand and filt into the harbour as otherwife it 
would, 4 








E> ‘The defe& therefore of this fluice of Wells is, that though it retains the waters fo as 
_ tobe behind the general ebb, and thereby ftrengthens the latter part of it confiderably ; 
"yet being at low water all fpent, when the greateft good might otherwife be obtained, it 
_ Yofes that good effect which would be had from a frefh water river, or from a proper 

t is, one that will retain the water wholly till a proper time of tide, and then 
one collected body, is capable ina fhort {pace of time of producing mat- 
and yet I fhould not expeé fuch @ fluice either to clear the Pool to the 
it had fifty yeas fince, or to carry the outfall channel to the Northweft. 
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By fluices of this kind, which ate the only expedients art has found that is comparable 


; - bea savers Se greateft part of the fea ports in Flanders and Holland are kept open, and 
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5 a) 
under circumftances more unfavourable than the port of Wells, many of which are built 
not only with great expenfe, as to the ufeful part, but with much m 
upon the durable utility of their conftruétion. Thofe of the Wells who have 
occafion to vifit the port of Oftend, fo much reforted to at the prefent time, will fee 
a remarkable example thereof in the grand Sluice of Oftend re-erected in the year 1755. 





ence, as relying 





"The Slade then confifting of 47 acres (or fomewhat lefs, on account of the high grounds 
inclofed therewith), it appears to me might derive fome occafional advantage’ in refped of 
fcouring, from the very circumftance of their fituation lying behind the ancient imbank- 
ment; infomuch that what is alledged by fome of the witnefles may at fome particular 
time or times be true; videlicet, that when the tide was fpent at the town, it came down 
from the Slade. 


Tt feems well attefted, and from the nature of the thing (as it appeared on my view) 
mutt be the cafe, that the furface of the Slade never ufed to be overflowed, but in extreme 
fpring tides, here called rages, and the condition’of it in growing rufhes and other vegeta- 
bles peculiar to fenny trem waters before its imbankment; fhews this tobe the general cafe ; 
and this would naturally and neceffarily arife from the very contraéted channel and opening 
left between the N. E. bank of the ancient imbankment and the high land fo narrow, that 
it does not appear, except in fuch cafes, that there would be a fufficiency of time at high 
water for the whole furface of the Slade, confidered as a pond; to fill any thing near 
the utmoft height of the fea; but yet whatever water was at fuch times brought 


upon it, would, upon the fame principles as the fluice, be left behind, and retained by the ~~ 


fame narrow paflages, fo as to require poflibly the whole of the fucceeding low water 
entirely to vend it; but then it will follow, that by how much it was the longer in yend- 
ing, it would comedown the more leifurely, and toward the latter part of it the more drib- 
bling, in proportion as its channel to let it out grew more contraéted by the furface of the 
water being lower therein: fo that although it might at thofe times come. down in good 


quantity in the firft quarter’s ebb, where meeting the remains of the waters from the 16° * 


acres of Slade Marth, and other waters from the unimbanked marfhes, that ftill a the Py. 
haven creek without pafling the fluice, and might make a fenfible increafe of the current; — 
yet as this mult greatly fall off after the top waters were gone; and give but little aidin 
the latter partof the ebb, when it was moft wanted, muft equally appear plain and : 
But yet whatever good effect might be aferibed to the water from the Slade, or in rea 
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might have, when it could operate in the manner I have pointed out, yet as it appears: = 


from equal te(timony that thofe rages happen but feldom (four or five times in a Ye at) 
they could be of no material benefit, becaufe their power of feouring and grinding the 
Fa E 


bottom, 
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The caufe of the obftruétion of the harbour’s mouth appears to me to be this : The 
whole coaft, which ftretches away northerly, is apparently for miles a flat and fandy fhore, 
and 1 fuppofe from the harbour of Aberdeen till it’ mects with the point of Buchanefs, 
(which is at the diftance of feven leagues), continues of the fame kind ; confequently 
the wind at N.E. adting obliquely upon it, brings the’fands and gravel intermixed 
coaftwife towards the fouth ; and as the coaft from the fouth fide of the entry of this 
harbour ftretches away nearly eaft for about three quarters of a mile, th ; 
naturally be depofited in the angle of the coaft formed at the harbour’s 2 
the land waters of the river Dee, in finding a paflage to fea, foree | 
which they maintain more or lefs clear according as the circumft 
tides, and frefhes, balance one againft snother. A’ hard gal 
as already mentioned, gradually brings “Me jands and gravel 
puts in agitation that already lodged in Se bank on th 
mouth, at the fame time ie it atc the e1 a 
be fpring tides and little fref 
confeqterice, "preatly ceeteraCee TR Wit 


fand and gravel into the channel of the river ; and the freth water in Rie river being 


fuppofed then very fhort, the reflux will be very languid, and b 
impetus of the fea, it cannot return; and a continuance. of 
this kind, will put the mouth of the harbour inte the 
neceffarily remain till by a contrary difpofition of = 
produced. On the other hand, a continuaice of 
neap tides, accompanied either with off fhore 
~ the greateft advantage i in feouring away ce 
~ mouth, carrying it out into 

Girdleneft ; and if towards the ¢ 

frefh, low [pring ebbs, which give “ee c 
time run bare over the bar with a modet 
agitation without much i 1 
be cleared of fand, a 
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evil complained of; for it will not only keep the land frefhes more confined in a body till 
they comie into deeper water, but whatis of more confequence, will ina great meafure pre- 
vent the fand and gravel from being driven in. It will not indeed ftop the continual 
driving of the matter coaftwife from the north, but after the back or outfide of the pier 
is filled up with fand, &c. toa certain degree, it will then go round the pier head, and by 
the fuperior action of middling frethes and {pring ebbs will be kept in deeper water, and 
fo get round the point of Girdlenefs, without getting into the harbour’s mouth, or at 
leaft not in fuch a degree as to obftruét the navigation. By this means, as the bar will 
not only be kept clean down to the ftone bed, but by lifting the larger fort of ftones by 
art, the remaining gravel will wath out into deeper water, fo as to make (as may reafon- 
ably be expeéted) full two feet more water than there now is.in its beft ftate. 


T can fee no objetion to the putting of this work into immediate execution, fave the 
expenfe of it, To reduce this as much poffible, I have endeayoured to propofe {uch a 
conftruétion, as, confiftently with that folidity and permanency which a work of this kind 
ought to have, confifts of the {malleft quantity of materials and workmanfhip that I can 
think fafficient ; and as the materials which nature furnifhes here are of the befl kind for the 

purpofe, and are found near the place, I am in hopes that they will be raifed and put together 

confiderably cheaper than I have fuppofed in my eftimate, which for that reafon I defire 
may be confidered in no other light than a form or blank, comprehending {pecies and 
quantities: for as my ftay at Aberdeen was neceflarily thort, the requifite examinations 
immediately relating to the harbour prevented my entering into thofe enquiries, which 
tended only to acquaint me with the price and value of labour and materials. 1 therefore 
can only fill up the blanks by comparifon with what has been done at other places lefs 
advantageoufly fituated with refpeé&t to materials, and perhaps that of labour alfo: in 
order therefore to come at a real eftimate fuited to the place, I muft beg leave to refer 
myfelf to the enquiries of the magiftrates concerning prices, or to a committee deputed 
by them for that purpofé; and which, from their particular knowledge of the country and 
of the workmen, will Lapprehend be done to more advantage than I could have done 
“4 ayldt without a longer ftay than my other avocations could poffibly admit of. 






One thing, however, I muft beg leave to fuggelt, that though what I now offer is as I 
apprehend the complete thing, which I expeét to anfwer in the beft manner, yet I am of 
opinion that it will be found if the pier be not carried out fo far by 200 feet, that it will 
in a great meafure relieve the prefent annoyances, nay, that it will be of fingular fervice 
if carried out but juft beyond the prefent pier, on the fouth fide of the entry, in which 
eafe it will be fhortened by 350 feet. In the former cafe the expenfe will be reduced ac- 


cording 


liga 2 
cording to my eltimate by £2,028, and in the latter by 3,549 ; and as the work ought 
to be begun from Sandnefs Point, where it is cafielt and cheapeft to be done, the 


workmen. will gradually learn the way of doing it to the beft advantage, 






and will pro- 
bably be able to contraét for the more expenfive part, upon better terms than would feem to 
them feafible at the beginning ; and as the work advances, the benefit and effeé& will be 


{een,,fo that it needs not to be carried further than by experience fhall be proved neceflary. 


I come now to the improvements that may be made in the internal part of the harbour. 
Here I cannot but lament that the courfe of the river is diftracted by fo many channels, 
and covers fo great a breadth of ground at high water, w hich want of confinement is not 
only detrimental to the procuring of a deep channel at the harbour’s mouth, but within 
the harbour alfo, and it is particularly difadvantageous that the main current of the river 
does not fweep the face of the town’s key at L: this I fhould without any hefitation ad- 
vife to be done by art, were it not for the fifhing properties upon the main channel ; but, 
as I muft fuppofe them irrevocably eftablifhed, it remains to point out what is the belt 
that can now be done, the fifhings remaining as they are. I oblerve that within the Point 
of Sandnefs there is nearly the fame water as over the bar, tillthe main river channel and 





navigation channel divide, which part of the river is marked in the plan as_the Stel! Fifbing. 
In this part of the river, which is land-locked from all winds, veffels that will bear the ground, 
and whofe draft of water is fuch as mot to admit of their going further up, may fafely 
deliver their cargoes, or fhelter themfelves when they come in by way of refuge; but after 
the aforefaid divifion the navigation channel M M becomes immediately hallow, carrying 
however ten feet water till we arrive above the new pier called Pockraw Pier at K; when 
oppofite the ropery and dock-yard it falls alittle fhallower to nine feetfour inches, from thence 
it holds nine and a half and ten feet, till meeting with the town’s pier or key E L, it again 
breaks into two channels viz. that which ftretches along the face of the pier, and that which ~ 
is called the Blacky Pool. ‘The navigation channel by the pier fide, from the aforefaid 
divifion, falls off at firft to nine, then to eight, and gradually to feven feet water. 


The defirable improvement pointed out to me, and which feems of great confequence 
tothe trade of the city, is to deepen the nayigation channel quite away from the new 
pier to the welt end of the Town’s Pier or Key. 


Tobferved when there, that little or none of the current water of the river Dee, in its 
common ftate at low water, goes down either the channcl by the face of the pier, ar the 
Blacky Pool, all the outlets from the main ftream that might be likely to take this courfe, 


being barricaded by ftone dykes, raifed from two to three feet, or thereabouts, above the 
Vou. Ll. G ordinary 
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ordinary furface of the Dee’s water, fo that nothing wofth notice, till the water is {\Wvelled 
above thofe dykes, can go down the above-mentioned channel, fave the water of two 
{mall burns which empty themfelves by the navigation channel. " With thefe helps, how- 
ever, but principally by the current that pafles through it and the Blackey Pool during 
fuch fpeats as overflow the aforefaid dykes, the navigation channel is kept open. 


It has been propofed to bank in the low grounds lying weft of the old pier marked 
D, fo as to pen in the fpring tides, and at that place to ereét a fluice to be drawn at low 
water, and by making an artificial {cour to deepen the aforefaid navigation channel. 


Great effets are capable of being produced by the operation and judicious manage- 
ment of fluices in fituations adapted therety; phat is, where there is a great command of 
frefh water, or a confiderable declivity in the yart to be feoured. Here as the water to be 
pent in is not confiderable in itfelf, muft be in a great meafure tide water, which, as 
the imbankation would in a great meafure prevent all currency through it, would be 
fubje& to fil up the refervoir, and the length according to the navigation channel nearly a 
mile upon four feet only of defcent at low water, I fear, thefe circumftances confidered, 
the effeét would not be found an{werable to expeétation. On the other hand, the imbanka- 
tion preventing the fpeats which overflow the dykes from getting in at the head of the navi- 
gation channel, the principal natural agent would be prevented from operating, and which 
I fhould be forry to lofe. Were the long dyke, marked A A in the plan, broken down and 
removed, I make no doubt but that in the courfe of a few years the main ftream of the 
river Dee would make its paflage by way of the Denburn into the navigation channel, 
DELMK, and by degrees of itfelf produce the effeét defired, and with a little help 
would do it in a very few years. I {tate this not upon any fuppofition that the dyke is 
likely to be removed, but to fhew more ftrongly the ufe of fuch natural advantages as 
fill remain. Ido not fuppofe, however, that any ufe that can be made of the remaining 
advantages will of themfelves greatly deepen the navigation channel ; but this I fuppofe, 
that after it is made deeper by art, thofe natural advantages may be fo applied as to keep 

pit equally clean at a greater depth, as they now do at a leffer. 


The whole channel from the new pier at K to the town’s pier extending from D to 
L, does not needa great deal to make it good ten feet water, and it may be very fuc- 
cefsfully deepened by a ballatt lighter, conftructed like thofe ufed upon the river ‘Thames 
for getting ballaft for the fhips. Thofe lighters work by direétion of the Trinity Houfe 
-Mpon fuch fhoals as are moft injurious to the navigation of that river, and all the fhips 
of that port are obliged to take their ballaft from them at a certain price. Perhaps much 


ballaft 


iD ee eat 


ballaft is not taken out from the port of Aberdeen, but fuch asis, may be fupplied by 
this lighter in aid, as far as it goes,of the expenfe of raifing it. 


The channel for the whole length of the pier or key I would propofe to be deepened 
by the mattock and fpade at low water, which deepening, being done two feet at a mean, 
will give ten feet water to the middle of the pier where now there is but feven feet fix inches; 
and this being done to a breadth of fixty feet will admit of two veffels to lie abreaft with 
fufficient paflage. This work will be attended with no extraordinary expenfe in propor- 
tion to the utility thereof, and will endure for feveral years before the ftate of the chan- 
nel will return to what it now is 3 yet it would undoubtedly return by degrees to the fame 
ftate, unlefs fome counter-balancebe applied to prevent it: what I would therefore recom- 
mend for this purpofe is as follows :— 


To ereét a ftrong ftoné dyke beginning at the head of the Inch Dyke at F, in the direc- 
tion of the dotted line FE tothe beacon E upon the Trinity Inch ;. or if it fhould any- 
ways happen to interfere with the Raik Fifhing, to carry it froma lower part of the Inch 
Dyke to the faid beacon, according to the direCtion of the dotted line G E : this dyke to be 
made fo as to rife above and keep in the water of the high land floods at half ebb of the tide, 
and to be made firm, fo that the current may in great land floods at high water go over it, 
without hurting it ; by this means the greateft part of the water that in time of fpeats flows 
over the prefent dykes, and makes its way partly by the Blacky Pool, partly over the furface 
of the higher Jands, and partly by the navigation channel along the face of the pier, will all be 
conftrained to go through the channel alongfide the pier, and therefore will be as adequate 
to keep clear that channel at ten feet depth, as the prefent channel joined to Blacky Pool 
is to keep itat that mean depth from their junction to the junétion of the main river at the 
Stell Fithing: and as. thefe operations are plain and fimple, and will be attended with no 
confiderable expenfe, I earneftly recommend their execution. 


Itis alfo very practicable in like manner to join the old pier D by a dyke acrofs the 
Trinity Inch to the elbow of the river, a little above the Inch Dyke B; and allo by 
putting fluices upon the opening between the north end of the old pier D and spins 
end of the town’s pier or key to pin in the tides, in order to make artificial fours: but 
as the building and maintenance of fluices would be expenfive, if made fo capacious, as 
not to be an impediment to the current and aétion of the land flood waters, as above 
mentioned, and would have no confiderable effeét, unlefs the vas was pent up higher 
than the prefent fithing dykes, (the banks whereof if fo would in a great mealure prevent 


); it therefore appears that fince fluices of any Kind are 


the flood waters going that way 
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To the Magiftrates of the City of Aberdeen. 


The REPORT of Joun SmeEATON, Engineer, upon the In-run of the 
Seas into the Harbour of Aberdeen in easterly winds. 


(See the Plan, Fig, 2. Plate 2.) 


N confequence of the memorial from the magiftrates of Aberdeen, dated the oth of 
‘J laft, which I received in London from the hands of Mr. esr mee and 
of your quelt fignified to me by Mefirs. Carnegie and Black of Montrofe, I took 
the opportunity of vifiting your harbour, and made my obfervations upon thi place, 1ft, 2 
and 3d of Oétober laft, at which time the wind happening to be eafterly (though 
frefh ) afforded me an opportunity of pai rly viewing and confidering | 
ation of tl eas from this quarter, and bad the pleafure to find that the 
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it is only neceflary to keep it conftantly higher towards the pier, and floping towards its 
pafe on all fides, as has been already mentioned, and was the cafe of the natural 


point. 


I herewith fend a general Plan, (Plate 3.) fhewing the fhape, fituation, magnitude, and 
projection of a catch pier in refpeét to the prefent works, and which if carried out to the 
extent defcribed, I haye no doubt will have the effeét of quieting the h rbour; and 
as it will Jeave a clear breadth of full 300 feet for the navigable channel, Ta 
there can be no objeétion to its projecting the full extent of 180 feet from the fide 
prefent north pier, if fo required ; but as it is not improbable, and indeed i 
expeét, that half of this projeGtion may be found {ufficient, when other | 
that I pointed out when upon the place, and hall further enlarge upon 
propofe to carry it out to the length of go feet, building up the head with a fq. 
in the manner that was done on quitting the work of th : 
each feafon; and this. 2 one Wi 
neceffary, and in confequ E gn 
it, or it may be-carried out to the full length, or 
requifite. 
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plied to the grinding of corn, that is, to the fhelling of oats and grinding of oats and 
barley. I apprehend the malt mill may be altered for about £80. and the other to a 
corn mill for about £150. , 


On confidering the fituation of the Juftice Mill, I apprehend it will be beft to be fitted 
up for the purpofe of a wheat mill, for which it has been defigned. I judge, that when 
the full advantage of the fituation is taken, and the machinery properly adapted, the mill 
may be made to grind and drefs full four Winchefter buthels of wheat per hour, 
which, when there is water in winter and wet feafons, may be continued for tlie whole 24 
hours, and in dry feafons fuch as it was when I was there, about 12 hours in 24, fo that 
in the fhort water feafons, it will be able to.grind and drefs at the rate of 12 bowls (fup- 
pofing four Winchefter buthels each) per dey. The expenfe of ereting fuch a mill origi- 
nally-would be about #500 5/but as I expeét the mill-{tones will do again, with the {mall 
machinery, thefe, with the larger materials and the buildings, will probably ftand inftead 
of £200. fo that to rebuild the mill and make it fit for bufinefs, will require a further 
outlay of 300. As I had nota fufficiency of time upon the place to take the neceflary 
meafures, I can only guefs at"the quantity of bufinefs to be done, and the expenfe that 
may attend each of the Mnills ; but in cafe the above idea appears eligible to be purfued, 
by receiving anfwers on the following points, I fhall be enabled more exactly to calcu- 
Jate what they will’do, and form a proper defign for their rebuilding. 


aft, A plan and eleyation of each of the mill buildings as they now ftand. 


"ad. The whole perpendicular fall of the water from the level trough, lander, or fhute, 
before it begins to fall towards the wheel to the bottom of the race at the tail of the wheel, 
noting upon the elevation where the horizontal lines cut the elevations of the refpective 
buildings, the {ketch in Fig. 7. Plate 3. which is merely ideal, will be fufficient to fhow 
beiter than many words, what I want to have afcertained. 


3d. Whether the water cannot without difficulty be brought to the place of its fall 
upon a’ftill higher level, and whether the tail of the mill cannot be funk deeper, fo as to 
increafe the fall, an advantage in either of thefe particulars of half a foot is worth notice- 
ing, Upon this head I muft obferve, I expect the lower mill within the town may have 
its tail race confiderably lowered ; for that reafon I fhould be glad to know how much its 
bottom is above the ordinary high water mark, not only of {pring tides, but of the neap 
tides alfo. In refpe€t'to the Juftice Mill, my propofition is to conduct the water to it, 
not from the tail) of the upper mill, but upon the level of the head of the upper mill, 
as far as the height of the adjacent ground will admit, and then to take it into lander 
troughs to convey it over the declining ground into the wheat miln: and that there may 
‘ be 


Tesch 


be no level unneceflarily loft in condudting the water, 1 fhould be glad to know the 
whole fall from the lead, after it has pafled the road next the mill-pond, to the tail of the 






prefent wheel, and from thence as far as the town’s lands ftand, or they have power to 


let it fall, noting the refpedtive diftances, as alfo how far the water can be conduéted on 
the furface of the ground in the lead from the mill-pond to the mill, and how far it 
will be required to be carried in a trough, According’ to this propofition, the upper mill 
may be left ftanding as it now is, to perform the fervice it is obliged to do: but as the 
water will then pafs by the wheat mill, without turning it, if this fervice will too greatly 
encroach upon the wheat mill, it will be the moft compleat way of all to fix up the mill 
{tones of the upper mill, to be turned by the wheat mill wheel, as then the upper mill 
fervice will be difpatched in one-fourth of the time; but then this will occafion fome addition 
of expenfe in new conftruéting the wh rill; yet the wheat mill may be fo conftruéted 
as to admit of this addition afterwards, 1 -afe it fhall be found neceflary. 


4thly. and laftly. An experiment fhould be tried upon each ftream of water in the follow- 
ing manner :—Let a board of three, four, or five feet long have a notch cut in it as in 
Fig. 8. of one foot wide, and about fix inches deep, which fix in any convenient part 
of each of the watercourfes either above or below the mills, but fo that no water may go 
through it but w hat is employed in turning the mill referred to.;, this board is to, be fixed 
in the manner ofa dam, and to be made up with earth, clay, turf, fods or feal, fo that 
all the water turning the mill may be conftrained to go through this notch, and not to 
be interrupted by any water below it. The mill, in cafe it is not a time of fhort water, 
is to have its water pafling the notch fhortenedy till it is as near as poflible, in the judg- 
ment of the miller, the fame quantity as they let down to work with in fhort water times ; 
andthe miller is to {pecify how many hours in 24 they can generally grind per day in dry 
feafons at that rate. While the water is thus going through the notch, itis to be noted, 
how much the dead furface of the water lying againft the board on the upltream fide of 
it is below the top of the board, and to be meafured at the diftance of at leaft fix inches 
on one fide the notch; this being done on each fide of the notch at the fame diftance 
therefrom, and “if any difference taking the mean, this fubtratted from the whole 
depth of the notch, gives the thicknefs of the water flowing: through it :—From this experi: 
ment I fhall be enabled to calculate exaGtly how much bufinefs can be difpatched by, 


each mill. 


Upon the whole, as ftreams of water run fearce in the neighbourhood of Aberdeen, it 
feems of confequence to make the belt ule of thofefo advantageoufly: fituated. 
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plied to the grinding of corn, that is, to the fhelling of oats and grinding of oats and 
barley. I apprehend the malt mill may be altered for about £80. and the other to a 
corn mill for about £150. : 


On confidering the fituation of the J uftice Mill, I apprehend it will be beft to be fitted 
up for the purpofe of a wheat mill, for which it has been defigned. I judge, that when 
the full advantage of the fituation is taken, and the machinery properly adapted, the mill 
may be made to grind and drefs full four Winchefter bufhels of wheat per hour, 
which, when there is water in winter and wet feafons, may be continued for tlie whole 24 
hours, and in dry feafons fuch as it was when I was there, about 12 hours in 24 ;, fo that 
in the fhort water feafons, it will be able to grind and drefé at the rate of 12 bowls (fup- 
pofing four Winchefter bufhels each) per dzy. The expenfe of erecting fuch a mill origi- 
nally-would be about £500 ; put as I expect the mill-ftones will do again, with the {mall 
machinery, thefe, with the larger materials and the buildings, will probably ftand inftead 
of £200. fo that to rebuild the mill and make it fit for bufinefs, will require a further 
outlay of £300. As I had nota fufficiency of time upon the place to take the neceflary 
meafures, I can only guefs at»the quantity of bufinefs to be done, and the expenfe that 
may attend each of the Mnills ; but in cafe the above idea appears eligible to be purfued, 
by receiving anfwers on the following points, I fhall be enabled more exadtly to calcu. 
late what they will’do, and form a proper defign for their rebuilding. 


aft. A plan and elevation of each of the mill buildings as they now ftand. 


© ad, The whole perpendicular fall of the water from the level trough, lander, or fhute, 
before it begins to fall towards the wheel to the bottom of the race at the tail of the wheel, 
noting upon the elevation where the horizontal lines cut the elevations of the refpective 
buildings, the {ketch in Fig. 7. Plate 3. which is merely ideal, will be fufficient to fhow 
better than many words, what I want to have afcertained. 


gd. Whether the water cannot without difficulty be brought to, the place of its fall 
upon a’ftill higher level, and whether the tail of the mill cannot be funk deeper, fo as to 
increafe the fall, an advantage in either of thefe particulars of half a foot is worth notice- 
ing, Upon this head I moft obferve, I expect the lower mill within the town may have 
its tail Face confiderably lowered ; for that reafon I fhould be glad to know how much its 
bottom is above the ordinary high water mark, not only of fpring tides, but of the neap 
tides alfo. In refpé@to the Juftice Mill, my propofition is to conduét the water to it, 
_ not from the tail/of the upper mill, but upon the level of the head of the upper mill, 
as far as the height of the adjacent ground will admit, and then to’ take it into lander 
troughs to convey it over the declining ground into the wheat miln: and that there may 
‘ be 
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be no level unneceflarily loft in condudting the water, 1 fhould be glad to know the 
whole fall from the lead, after it has pa fed the road next the mill-pond, to the tail of the 
prefent wheel, and from thence as far as the town’s lands ftand, or they have power to 
let it fall, noting the refpeGtive diftances, as alfo how far the water can be conduéted on 
the furface of the ground in the lead from the mill-pond to the mill, and how far it 
will be required to be carried in a trough. According to this propofition, the upper mill 
may be left ftanding as it now is, to perform the fervice it is obliged to do: but as the 
water will then pafs by the wheat mill, without turning it, if this fervice will too greatly 
encroach upon the wheat mill, it will be the moft compleat, way of all to fix up the mill 





flones of the upper mill, to be turned by the wheat mill wheel, as then the upper mill 





fervice will be difpatched in one-fourth of the time; but then this will occafion fome addition 
of expenfe in new conftruéting the wh sill; yet the wheat mill may be fo conftruéted 
as to admit of this addition afterwards, u' -afe it fhall be found neceflary. 


4thly, and laftly. An experiment fhould be tried upon each ftream of water in the follow- 
ing manner :—Let a board of three, four, or five feet long have a notch cur in it as in 
Fig. 8. of one foot wide, and about fix inches deep, which fix in any convenient part 
of each of the watercourfes either above or below the mills, but fo that no water may go 
through it but what is employed in turning the mill referred to; this board is to be fixed 
in the manner ofa dam, and to be made up with earth, clay, turf, fods or feal, fo that 
all the water turning the mill may be conftrained to go through this notch, and not to 
be interrupted by any water below it. The mill, in cafe it is not a time of fhort water, 
is to have its water pafling the notch fhorteneds till it is as near as poffible, in the judg- 
ment of the miller, the fame quantity as they let down to work with in fhort water times 5 
andthe miller is to fpecify how many hours in 24 they can generally grind per day in dry 
feafons at that rate. While the water is thus going through the notch, itis to be noted, 
how much the dead furface of the water lying againft the board on the upftream fide of 
it is below the top of the board, and to be meafured at the diftance of at leaft fix inches 
on one fide the notch; this being done on each fide of the notch at the fame diftance 
therefrom, and “if any difference taking the mean, this fubtrated from the whole 
depth of the notch, gives the thicknefs of the water flowing through it:—From this experi- 
ment I fhall be enabled to calculate exaétly how much bufineS can be dilpatched by, 


each mill. 


Upon the whole, as (treams of water run fearce in the neighbourhood of’ Aberdeen, it 
feems of confequence to make the beft ule of thofefo advantageoully fituated. i 
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paflage as low as they can be made for the rocks, or to low water mark. The crofs wall 
HL. inftead of being carried from H. tol, muft be turned round at L. fo as to leave open the 
fpace M. of its natural depth. That the tunnels may be freely fupplicd, the prefent little 
pier fhewn by dotted lines at N. fhould be totally removed, and the rock at O. fhould be 
levelled with the reft furrounding it, and the whole fo reduced as to give all freedom of 
water-way poflible through the tunnels, and in this ftate of things, if the pier E. had occa- 
ion to be carried out ftill further, it would bring the tide more forgibly through the 


tunnels, _ 




























The means above-mentioned, by promoting a more free circulation of water 
the harbour, would tend to keep down, bank of mud at A.; but I cannot t 
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that very dence which applied in a lefs ee will let the fubjea 
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the pier is built; and when it is finifhed, they are to be cut off fmooth according to the 
line a. 


The bare {tones of the pier (fee the face view, Fig. 4.) are not propofed to be all on the 
fame level, as there fhewn, but the rock cut to give the ftone its proper bearing. 


The face (Fig, 


according to the fpecime but ‘ou aerie with ‘rough ftones, 
sid Mia le to th ¢ idea, ‘the better ; and the plat 
“with the belt mortar. AsI cannot well a of the price 
procured, and the work executed at Dunh 
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The coatt of Ireland lies right in front, extending from S. W. to N. W.,* and being fo 
near as not to admit of any confiderable fwell with the wind right in, it becomes naturally» 
defended from the weftern quarter, Wrom the N. W. &N. points, the fetch of the fea 
is not of great lengths, being ina manner land-locked by the Ila, Mull of Cantire, &e, 
and being laftly very well fkreened by the ledge of rocks immediately on the north fide 
ofthe harbour, which rifeanfiderably above high water, no confiderable violence is ex- 
perienced on that fide, The land lies from N. to S. fo that nothing can MNS the 
eaftern point; it is therefore only from S. to S. W. inclafivessd 
unprotected. a 3 3 
rg ~~ rao 
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violence in time of ftorms, that veffels lying there ar ito be fuffered to 
upon the fandy beach, at the bottom of the a and to be retained by ropes as the only 
means of protection ; this in confequence not only creates a great deal of trouble he ual 
them up, and launching them after the ftorms are over, but ob I 
ftrong and of fo flat a conftruction, that they sgl not | 
or abaft. As therefore all the wefterly v winds | 
Donaghadee, and all the eafterly from 1 , 
» go and return except the tas are foutherly or nottherly 
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{ % J 
itfelf being {mall, it muft be a principal care, that while we are providing againft the above 
mentioned difficulties we do not deftroy its natural advantages. “With this view I propofe 
to run out a pier from the point of the rocks upon the main land at A. Fig. 1. Plate 6. 
and crofling the gully between that point and the detached ledge of rocks hitherto called 
the South Ledge, to follow the general direétion of the fame, and to terminate the pier at 
B. as particularly fhewnin the plan. This pier to be raifed dix feet above the high water 
ofa fpring tide, with a parapet of fix feet upon that; fo that the whole being raifed 12 
feet above high water, will effeétually fcreen the veffels from the S. & S. welterly winds, 
and greatly mitigate thofe nearer the weft; and fo far as this goes, the benefit to be 
obtained will be attended with no difadvantages in other refpeéts, that I can forelee ; 
and it is poffible this being firft executed, the internal pier may be found unneceffary ; but 
as the north point of Strangford Bay on the coat of Ireland is the fouthernmoft bearing 
from Port Patrick, viz. S. W. + W. diftant about nine leagues by the maps ; when the wind 
s a little further out than this, viz.S. W. 1am of opinion that fo much fea will get round 
the head as to reduce the fpace naturally fcreened thereby into fo narrow a compafs, that 
veffels properly built for failing will not fafely ride in the harbour with the wind in fuch 
pofition, as may be judged of by confidering the pofition of the line upon the plan, mark- 
ing out the bearing of the north point of Strangford Bay. It feems therefore neceflary to 
provide a place of fafety at fuch times, which I propofe to effect by means of the interior 
pier C.D. the pofition of which I have endeavoured fo to adapt, as to be fufficiently ca- 
pacious and deep, and without taking up any part of the external harbour, where I appre- 
hend the veffels ufually ride. ‘This would have certainly been the cafe, had this internal 
pier been carried further out, foas to have been capable of admitting veffels drawing eight 
feet at low water; as it is, all the {pace is preferved where they cannot in ordinary float at 
low water, and yeffels will be capable of going in and out of the external harbour at all 
times, except from three-quarter ebl) to one-quarter flood ; and during this fpace of low 
tide, the feas will be fo mitigated by the projeétion of the rocks upon the neighbouring 
coatts, that a veffel may fafely ride in the external harbour, till the water flows fufficiently 
to let her go into the internal. It is true, that as the veffels in the internal harbour will be 
obliged to take the ground, they will be required to be ftrong timbered ; but as they are not 
intended principally to carry weight, that will not hinder their external form from being 
adapted in the belt manner for failing, it being the cafe with few harbours the moft reforted 
toin Great Britain, that veffels can ride afloat at low water. 


The flow of the tides at Port Patrick is faid to be 15 feet at Spring tides, and 12 feet 
_ atneap tides, but like other places variable according to the winds. When! was there, 
: which 
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which was on the 11th of Oftober 1768, being the day after the new moon, the per- 
pendicular flow was only 10 feet, fo that at a 15 feet {pring tide the water would ebb out 
2+ feet lower, as appeared by a mark pointed out to me, and flow 2; feet higher; ace 
cording to this fate of the tides the internal pier will be placed at 4; and 5 feet water, 
at low water fpring tides, and will have 197 and 20 feet at high water, and at fuch a tide 
as‘I faw (which was lefs than an ordinary neap tide), 7 and 7} at low water, and 17 and 
17% at high waten; fo that it is evident veflels will be always afloat within the internal 
harbour, whenever it is a proper time of tide to go out, there being always 12 feet water 
at half tide. : 


This internal pier being at all tim atly fheltered from the violence of the feas 
by the external one, it is propofed te be confiderably thinner on that account, and its 
body not raifed fo high by two feet, fo that its top will be lower in the whole by four feet: 
that is, it will be only eight feet above high water {pring tides; yet this it is prelumed 
will always be fully fufficient to refit any feas that can get round the head of the 


external pier. 


Since I have propofed the internal pier as a place of refuge, it may be reafonably en- 
quired why this may not do without the external one? To this I muft obferve, that it 1s) 
only fo much of the external pier as projeéts beyond the internal one, that is the 
objec in queftion; and this will be built with fo much advantage to a proper height 
by being upon the rocks, that if omitted the internal pier will be required of greater 
bafe, height, and ftrength, and thereby the coft of the external one will in a great meafure 
be incurred. . 


adly. The veftels will be protected in the external harbour with wind at S. and S. S. We. 
and therefore can come in and find fhelter, ata time when the tide would not ferve to go 
into the internal harbour, and alfo will fo far moderate the feas at S. W. 2s fo enable 
the veflels to wait till they can get into the internal ; and in all foutherly winds will enable 
veflels to get under way going out, and to come to on entering, when they could not ven- 
ture to do either from or to the entry of the interior harbour. 


gdly. If the feas were not firft moderated by the external pier, fo much fea would gee 
round the internal as not’to admit veflels to lie there with {ufficient quiet, unlefs it were’ 
fo far contraéted in the entry as to make it difficult of accefs and departure. 


Within 


“s 


Lorne 


WWihin the internal pier the veflels may occafionally take in their freight; but as [ 
apprehend the place of the prefent platform will be found in general the moft commo. 
ious, efpecially about half tide, I propofe that platform to be extended, and the face of the 
rock to be extended, by blowing off the irregularities according to the line I F..and if the 
rock G. and part of the rock HI. to that line, be blown up to the level of the fand, it will 
bea means of preventing damage to veflels within, and of entertaining a greater number 
of veffels, for when this is done, the interior harbour will be capable of holding, on occafion, 
to or 15 fail, from 40 tons downwards. 


Refpegting the conftruétion of the piers, as the coaft is all rocky, I propofe to make all 
the ufe that properly can be done of the {tone that the placeaffords, but it happens to be of 
akind not very well adapted for this fort of work, except for fillings and rough bafements 
of fuch parts of the piers as are not built upon the toeks, and to thefe ufes I propofe to 
confine it. The {tone compofing the two ledges of rocks on each fide of the harbour is 
of a very hard but very jointy nature, which feems a good deal the cafe with the ftone 
I fee thereabouts, fo,that itcan hardly be got without gunpowder, which would be apt 
to fhiver it into {mall pieces. I obferved that a confiderable quantity of large loofe pieces 
that have tumbled from the cliffs may be collected, enough to form the bafements of the 
piers as marked out in the fettions, Plate 5.; but as it does not appear that a fufficient 
quantity could be collected to do the whole with rough materials, which would, if fo con- 
flruéted be required to be'ftill more bulky, I propofe to face the upper part of the piers 
with quarried ftones, feapelled to fomewhat of a fquare form, tobe difpofed as fhewn in the 
fe€tions, and to be filled with rough materials to be obtained from the rocks in the neigh- 
bourhood. 1 did not indeed fee any ftone in that part of the country fit for facings of 
the kind I propofe; but as this part lies open by fea to a confiderable extent of coaft of 
England, Scotland, and Ireland, it is not to be doubted but that convenient quarries of 
proper ftone willbe found that can be brought by water, and for this purpofe Lhave made 
a confideration in my eftimate of 2s. 6d. per ton, that will be about 2d. per cube foot, 
which allowance I judge fully fufficient. ? 


It is further to be obferved, that I propofe all the rough bafes and fillings to be com- 
pofed of as large {tones as can eafily be procured near the place, and no ftones of two 
tons or under be broken on account of removal; and that the fillings be at a medium, 


* about a cube foot in a piece, the fmaller being difpofed in the interftices. The whole to 


be built dry, except what is particularly fpecified in the eftimate to be done with cement 
‘or mortar. 


Tt 
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It has been obferved to me that a confiderable rivulet can be turned into this harbour; 
this may be of great ufe in cafe the interior harbour fhall be found inclined, from a 
greater degree of confinement, to retain more fand than it does at prefent, and will prove 
an effectual remedy to every. evil that can arife from that circumftance. At prefent the 
harbour does not retain more fand than one would with it to do, for the fafety and eafe 
of veffels. 


Aitborpe J, SMEATON. 
18th May 1770 





EXPLANATION of the Plan of Port Patrick Harbour. 


Fig.1. (Plate 6.) Plan of the natural Harbour, with the projection of the propofed piers :—The Roman 
figures expre(s the depth in fect of the low water ofa fpring tide, the perpendicular rife of 
which is faid to be 1g feet and the neap tides 12, confequently at neap tides low water, 
there willbe 14 feet more water than the foundings exprefs. "The bottom is clean fand, 


AB The exterior Pier. 


CD The interior Pier. 8 


EF The line in which the face of that rock is propofed by blowing to be ftraightened, and 
to have timbers bolted to the face of it, to make the landing place there more com- 
modious ; the platform may alfo be extended to ef, 


G A rock to be blown to the level of the fands; and 
HI Another to be blown to this line, in order to clear the interior Harbour, 
The line KL fhews the bearing of the north part of Strangford Bay, upon the 
coaft of Ireland, being according to the map:9 leagues diftant. 
Fig. 3: (Plate 5.) Shews the outward face of the Pier on the fouth rocks; and 


Fig. 4. Do. A feétion of the fame, fhewing the manner of building it with quarried ftone, 
and filling up with rough ftones. 


Fig. 5. Do. Seétion of the Pier acrofs the gully, betweem the fouth rocks and the flore. 


Fig. 6. Do. Seétion of the interior Pier :—Alll thefe figures are placed to thew their relative 
levels to high and low water lines (A &B) at {pring tides, 


Vou, Il, K ESTIMATE 
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The INTERIOR PIER. 


To the forming a bafement without the rocks of rough ftones, 33 feet bafe, 25 feet 
top, and 9 feet high, fuppofed to reach one foot above low water, and to fettle 
3 feet into the fand 5 this, in a length of | 180 feet will contain 1,740 yards, 


at 78. 6d. aE. ; 
Therhsight of ‘the cafing being 18 fest mean thicknefs, of the outfide 2 fem 
m 


inches and x foot 9 inches, infide 2 feet 4§ inches ; this, in a lengt 
Of 180 feet, will contain cube feet : 2 gies 
over the rocks to join the former to the maim 


The height of the cafing 
the above thicknefles and 70 feet long 


pier, being 8 feet, will a! 

contain 5 - < cy 
To make good the platform in the whole length 
a se ee 


‘To rough fillings in that part of the Pier without th 
To Do, in the part over the rocks - 


x os ei - : Cube yards of rough filling, at 5s 


expenfes, i vi 
Being to per cen! 
7 ae 
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EXPLANATION of the Plan for completing the Interior Harbour vat 
Port Patrick. 


4 work being now advanced fufficiently to the welt to break off from that part 
intended for the interior Harbour, the great feas that roll in with the foutherly and 
fouth weft winds, what is principally wanted to fecure the velfels lying under fhelter of 
the prefent work, is a flank Pier to prevent the feas from returning laterally after they 
have paffed the head, and then following the back fide of the Pier and ledge of rocks 
into the place of the interior Harbour, 


For this purpofe, and by reafon that it 1) (ond expedient to complete the interior 
Harbour before the exterior Pier is carried further out, I have projected the Pier defigned’ 
in the prefent Plan in fuch a way, as that it may in the beft manner anfwer the end, 
on fuppofition that it may not be found expedient to carry out the external Pier further 
than it extends at prefent. 


_ Thave therefore defigned it in fuch a pofition that veffels, when coming from fea, may 
run into the interior Harbour under fail, leaving the bottom of the little Bay Road Stead 
gr exterior Harbour as difencumbered as poffible, to be ufed in moderate weather, and 
when a greater degree of fhelter and protection is not neceffary for the fame purpofe as 


a ; and at the fame time having the accefs to the interior Harbour as free as 
poflible, that time may not be loft in getting in and out of it. 


The pofition of the propofed interior or flank pier, is nearly N. E. by the compals, 
and extended from the main pier 175 feet, fo as to leave about 100 feet of opening be- 
tween the Pier head and the neareft point of the platform rocks, which rocks will in effect 
anfwer the end of a counter pier. This pofition and length, by admitting of anopening of 
100 feet, will enable veffels to get under fail in bad weather, that is, whenever they can 
venture in between the two ledges of rocks that compofe the exterior harbour, and will pre- 
vent the lateral return of the fouthweft feas. intothe interior harbour, and throw them 

_ into the bottom of the north Bay, fo as to {pend themfelves upon the beach. It is in con- 
formity with this pofition of the Pier, and in order to afford room within the harbour, as 
well as to give the whole of the infide fuch a curve as may more effectually clear off 
the fands that may occafionally be brought in, that it is propofed to cut the rocks to the 
arch ABC. (Plate 6. Fig. 2.) Itis alfo with this view that an opening of 100 feet is propofed 

_ to be left 5 for though it will always hold true, that the lefs the mouh of a harbour is, the 

a” : quieter 
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quieter it will be proportionably within 5. yet as the getting clear of fand, the getting fafely 
in during bad, and eafily out in moderate weather, are confiderations of the greateft confe- 
quence ; and it being impoffible in {mall harbours to unite every advantage, it feems to 
me that the prefent plan will be likely upon the whole, to anfwer the end in the completeft 
manner poffible; that is, for fheltering yeflels from 30 to 40 tons and under, which it is 
fuppofed will be fully fufficient for the pacquet and. paflage veflels attending at this place. 


At prefent I underftand that the place of the interior harbour keeps itfelf as clear of 
fand as is neceflary, that the rocks may not become bare, and the veffels lie unfafely ; 
but when it becomes more inclofed by the ereétion of the flank pier, as it may not then 
clear itfelf of fands fo effe€tually, the bringing in of the burn Occafionally in the way that 
has been already mentioned, by the gard he collector of the cuftoms, I do not doubt 
will be effectual to keep it clear. 


I have alfo endeavoured to make the pier fubfervient to fome purpofes; which, though 
fubordinate, will yet be found very convenient if not neceflary- 


I have propofed to terminate the parapet by a round pillar of nine feet diameter, at the 
top of which may,be’ planted a flag-ftaff in order to hoift a flag when there is a certain 
number of feet of water within the pier head, or by planting a light in a lanthorns 
or lamp fixed upon a proper iron ftanchion, ve(fels approaching in the dark will not 
only with more certainty make the bay, but turn the pier head in cafe they wifh to enter’ 
the harbour: 


[have alfo defigned’a ftair near the pier head infide, to which a boat can always go even 
at low water, and thereby paffengers be commodioufly conveyed on board or landed at all 
times of tide. Mooring pofts are alfo propofed and marked at proper intervals ; ae as a 
poft near the extremity of the main pier may be very convenient for the faftening or 
fteadying veffels in the bay or exterior harbour, a paffage is pages to Jae at si - 
archway of two feet anda half wide, and four feet and a half high, at the joining of the 
flank pier’s parapet to the prefent one. 


‘The fpring tides are faid to flow here 15 feet, fo shat there will never be lefs than eight 
feet water within the pier head at half tide. 


N.B. The projection of the main pier weltward of the junction of the flank pier. 


will greatly contribute towards breaking off the feas from the harbour’s mouth= 
ER : J. SMEATON. 
6th January 1774s 
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P.S. It may be problematical till the flank pier is far advanced, whether it may be 

better to cut off the point of the rock marked IK, Fig. 2. by the dotted line 
or not. It will undoubtedly render the paflage in more perfectly clear if cut 
away 5 but as it may tend to catch the fwell that will in fome degree roll in 


between the’pier head G and the point of the rock i ion i 
H 
till the effeét of the flank pier is ee soem 


EXPLANATION of the Plan, Fig. 2. Plate 6. 


ABC The line to which the rocks are propofed to be cut away. 
DE The prefent pier as now terminated. ; 
EL The extenfion as at firft propofed. 

FG The interior or flank pier as now propofed. 


GH The openi : 
us opening between the pier head and the neareft point of the platform rocks, being about 


IK Allinein which that point of the rock maybe cut off, in cafe it fhall be found ufeful when 


the effeét of the flank pier is feen. 
N. B. The Roman figures thew the foundings i 
sin feet 
a N Comptroller's houfe. O lime troughs, apr as Reape 
ig. 7- (Plate 5.) A plan of the intended pier F G in Fi 
— 8. Elevation of the fame. : pee 
— 9, Seétion of the fame, 


“Es nied, breadth of the pier upon the rough ground bafement 40 feet. 
ue a breadth of ae tough ground bafement at about one foot above low water, 32 fi 
e bafe of the pier at the bottom of the freeftone work, 27 feet aus 
GH _ Shews the top of the cap or platform of the pier, 18 feet. is 
ab Fig. 9. the fuppofed furface of clay or hard matter. 
cd Suppofed furface of the fand. 
XYZ Fig. 8. The terminating pillar of the parapet capped with three circular ftones, the tw 
ee ones ate fuppofed to be each fingle ftones, the lower one of 2,3 or 4 Benes 
ee convenient, totale of the pillar to be built as the outfide of the parapet, 3 
oe ae 7: thew the ftairs infide the pier head. im 
Q fac kites of forming the cap of the pier, being terminated with dovetailed 
sean : manner 5 the Edyftone, to bind the cap together, 
poft or pillar for warping veffels into and out of the harbour. 
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DIRECTIONS to Mr.Gwan, for the execution of the interior or Flank 
Pier for completing of the int« rior Harbour of Port Patrick. 


‘HE middle line of direétion of the bafe of this pier runs from a point about 45 feet from 
the welternmoft termination of the top of the prefent pier, meafured infide toward the 
eaft to another point about three feet from the fouthweft angle of the platform, meafured 
along the fouth fide, alfo toward the eaft, which line of direétion will be nearly N. E. by 
the compafs ; and as the width of the pier at ixs bafe will be 40 feet, it will be proper to 
fix up leading marks from the prefent pire to the fhore parallel to the above mentioned 
middle line of direétion, at the diflanc » feet on each fide of it, fo: that a perfor 
ftanding at either end of thefe leading m-"» may be able to dire&t a perfon on board a 
yeffel afloat, to drop ftones in thofe lines, which are to form the extremity of the bafe. 


It will be proper to have the ftones {o to be dropped (which are to be large pieces of 
rough rocks) fufpended by tackles in flings, yet not to hook immediately by the flings, 
but by a loop made of as many turns of marline or rope yarn as will hold it, and then by 
cutting the loop when the ftone is in its proper pofition, it will be {ure to be dropped im 
the outline. The ftones to form the internal part may be any how tumbled overboard, 
fo as to be within the area formed by the outlines. ; 


It is fuppofed that the firft and perhaps the fecond fet of ftones fo dropped will bury 
themfelvesin the fand, and the fooner or later according as there is more or lefs furge of 
the fea breaking upon the place where they are depofited ; but notwithftanding the firlt, 
fecond, or third fet of ftones difappear, yet by repeating the dropping they will at laft 
ground themfelves upon the clay or gravel, and thole dropped upon them begin to appear 
above the fand, and at laft above the furface of the water at low water. But it is to be 
noted, that every {ubfequent fet of tones dropped to form the outline, mult be nearer the 
centre line than the preceding, fo that a flope fomewhat like that fhewn in the fection may 
be formed. As to the interior parts they may be tumbled in promifenoufly, and if they 
begin to appear in fome places before others, the defective places may be afterwards fup- 
plied. ‘Phe more rough weather you have in the courfe of making this bafement, the 
more folid your work will be, as it will be the more firmly. or the more deeply grounded 
upon the harder matter, and prevent after’ fettlements, and in cafe any part of the wale 
fetiles after it has appeared you mult till All up the addition by frefh matter. 


The 
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‘The diameter of the circular part of the head being two feet greater than the common 
‘breadth of the pier, the bafement may be broader by one foot and a half each fide, that is, 
43 feet overall; and having determined the extremity of the bafement of the head by crofs 
marks at or about 88 feet from the neareft point of the platform rocks, this crofs line with 
the others will be fufficient for dropping the foundation of the head in fomewhat of a cir. 
cular form, correéting it as you fee it, for when you get the pier head to appear above 
ow water, you then can mark off an aétual centre and work by real lines. 


As you have not faid at what depth below the furface of the fand you found the clay, 
gravel, &c. Ihave fuppofed in the additional drawing; Fig. 7 & 8, (Plate 5.) that the fand 
lie three feet anda half below the furface of the water at low water, and the clay three 
feet and a half below the fand, fo that from tite folid matter to low water mark is fuppofed 
7 feet; if it happens to be more in any or every part, the width of the ground tier of 
ftones muft be proportionably increafed ; if lefs, you may diminith it at diferetion, but in 
general it is good to keep a good breadth upon the ground. 


It is probable that at. low water you will find the ftones ftuck in the fand, fo that you 
may be able to borrow away your flings ; but if you find the {tones to bury themfelves, you 
will fave expenfe by procuring old cordage to make them of. 


On fuppofition that the ftones in {till weather do not bury themfelves, if you can at low 
water give them fome afliftance it may not be amifs ; but at any event, the piling a weight 
of ftones upon them will, with the aid of the aCtion of the fea, caufe them to fettle, and at 
daft to ground themfelves. 


Suppofing this to be an operation that would occafion the foundation to goon for more 
than one year, the beft way would be to carry on the work progreffively from the rocks 
towards the head, as by that means every part would have time to ground, while the part 
‘beyond it wasadvancing ; but as the whole at leaft of the bafement is expected to be com- 
pleted in one feafon, to give it all the chance poffible of ftorms to make it ground, I am 
of opinion, that you fhould begin with the head, and go on to complete the rough bafe- 
ment between the head and the rocks, fo as to bring the whole to a level about one foot 
above low water, and then go on with the upper works (the outfides of which are to be 
of feappeled blocks) to proceed progreffively from the rocks towards the head, for by this 
means the head, whofe firm eftablifhment is of the principal confequence, will have the 
greateft fhare of time to come toa firm bearing; and when you cannot on account of the 
tide work below, you may be employing the people in getting the work forward that is 
upon the rocks. , 

* Your 
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Your firft work will be during the winter to provide all the large rough pieces of rock 
you can procure, in order to make the rough bafement, and as far as may be convenient to 
get them brought to the place. 


In regard to the mafonry of the upper works, as the turning of the head cannot be done 
otherwife than with {tones upon their flat beds; and as Inever intended this interior pier 
to be built otherwife than with the {tones upon their beds, the diftance between the head 
and the rock will be fo fhort, that it will be hardly worth while to change the mafonry ; 
however, if you find any convenience in the diagonal way of working for the outfide, you 
are at liberty to put it in practice. 


The whole I propofe to be built dry till you come to lay on the platform or top: of the 
pier, after which you will proceed with mortar as ufual. As the joints of the ftones in turning 
the head of the pier will be radii, or pointed to the centre, ang will have nothing naturally 
to retain them from getting outward but their own weight and the incumbent weight of 
the matter above, it will be proper to cramp them every third courfe, or otherwife to 
retain them to the more central parts by iron doggs. And by way of fecuring the plate 
form or cap of the pier head, which will be the moft apt of any other to. get loofe, and 
at the fame time to make ita firm tie upon what is below, I propofe the work thereof to 
be jointed dove-tail-wife in the Edyftone fafhion, as fhewnin the additional defign, Fig. 7. 
Plate 5. 


Ifyou find it advifeable by way of tying your work fafter together to begin with mortar 
above high water, for fome of the laft courfes next the platform, and can procure lime with 
pozzelana, I fhall haye no objection ; but if this will embarrafs the work, I do not hold it 
to be abfolutely neceflary. 

Aufthorpe 
6th January 1774. 


J. SMEATON. 


N.B. As the high and low water lines are not certain determinate heights, you are to 
be guided by the pier already done ; the cap or platform of the flank pier, and 
the top of its parapet, being refpedtively of the fame height as the prefent pier. 
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RAMSGATE HARBOUR. » 


(Sce the Plan, Plate 7.) 


An Historical REPORT on Ramsgate Harbour, wrote by order of and 
addressed to the Trustees, by Jonn Smeaton, Civil Engineer, F.R.S. 
and Engineer to Ramsgate Harbour, 1791. 


Fo the Truftees of Ramfgate Harbour. 
Sirs, ; 
HE following piece was begun laft yew by your order, principally with a view to 
inform the public of the improved {tate of Ramfgate Harbour, and of the Improve- 
ments that were in a way to be further brought about ; as alfo of the unexpected difficul- 
ties that had occurred in the progrefs and aétual execution of this long defired eftablith- 
ment.—Indeed the fmall length of time that it had been a Harbour, capable of fulfilling 
the purpofes for which it was begun, had fcarcely given opportunity to the maritime part 
of this Nation, and more efpecially to foreigners, to acquaint themfelyes with the advantages 
they might derive from the ufe thereof. 


Tt is now fomewhat more than ten years fince Ramfgate Harbour was fo far cleanfed of 
{and and filt, as to be capable of taking in thips of fuperior draught of water and tonnage, 
to what appears to have been the object of Parliament in granting the aét, as well as to 
the views of the original promoters of the undertaking ; yet it was not till the winter 
before the prefent (January 1790), that the real practical utility of this Harbour appeared 
in full view, for it had fo happened, that the fame means that had been neceflarily em- 
ployed for cleanfing it, (that is to fay, for conftituting it a Harbour), had fubjeéted it to 
that kind of agitation and inquietude, which in general rendered it more eligible for yeflels 
of burden, fuch as might very well have come in as to draught of water, to fubjeét them- 
felves to the wear and tear of their tackle, and the rifk of riding it out in the Downs, 
than come into the Harbour till they had received fome aétual damage. 


‘The quietude of the Harbour has at length in a great meafure been happily effected, 
along with the other advantages, by the progrels made in the conftruétion of an advanced 


pier. This was only begun in the fummer of 1788, and at Chriftmas 1789 was 
~ yun out the length of 120 feet, that is nearly one third of its propofed length ; which fo 


fenfibly 


| 


fenfibly quicted the Harbour, that in January and part of February 179, there were in 
itno lefs than 160 fhips and veffels that came in for refuge, and to fave the wear and tear 
of their tackle and futniture, all of which muft otherwife have crowded the Downs.—= 
Almoft an equal number, for the fame reafon, came into thé Harbour during the tem- 
peftuous weather of the paft January. 


It may however poflibly feem to fome, that the means now taking to quiet the Harbour 
may operate to render it lefs acceffible:. but this, when properly underftood, will 
not appear to be the cafe, but fo far otherwife, that in reality a fhip will come in with 
greater facility ; for the Harbour’s mouth is in effet as wide as it was before the advanced 
pier was begun.—The original width of the Harbour’s mouth, as intended, was 2c0 feet; 
the opening to be at S.S. W. The width ultimately fixed by the Truftees was 300 feet 
at $.+E. but that width and pofition appear to have been fettled at a time when the 
Truftees were apprehenfive of the Harbour entirely choaking up with’ filt, if more 
inclofed, and not from any neceflity of that width, merely for the fake of facility of entry; 
noo feet clear opening being deemed a large fufficiency for the entry of an artificial Har- 
bour, entirely raifed out of the fea by the hand of man. 


When the Harbour was formed, it was found that during all the time’ of full fea, a 
ftrong current fets almoft right acrofs the Harbour’s mouth, that is, from welt to eaft, 
which being a natural caufe, cannot be diverted ; a veflel therefore coming from the fouth, 
that is, from the Downs, were fhe to attempt to run into the Harbour, right acrofs the cur- 
rent, would be carried ealtward thereof, fo as to mils it: it has therefore been an efta- 
blifhed maxim, ever fince the Harbour was formed, and given out as a direGtion, for 
yeffels to come in obliquely from the weftward, and as clofe as properly may be to the 
weft pier head; and this courfe, as marked out many years ago upon the plans of direc. 
tion, will carry a veffel right through the prefent intended opening, betwixt the welt head 
and the head of the advanced pier, which is full 200 feet in width, and fhe will always 
come in with the tide in her favour, 


In confequence of your orders, in the courfe of laft fummer I made aconfiderable pro- 


grefs with this Report, intending to have completed it at leifure this fpring, but if 
by being called upon more hattily than I had expected, it comes out lefs finifhed than I 
could have wifhed it, { have this only circumftance to plead in my excufe. 


I remain, Sirs, &c.” 
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SECTION I. 


ACCOUNT of early attempts towards a Harbour for the Downs, and of ~ = 


inclufive of obtaining an Ac of Parliament, for eftablifhing a Harbour for that 
purpofe at Ramfgate. % 


‘THE expediency of a Harbour for the reception of Ships in the Downs, has doubtlefs 
fubfifted as far back as the increafe of our trade and fhipping has rendered it important; 
but the want of a fituation ftrongly pointed out by nature, was probably the reafon wh 4 
we have not heard of any attempt towards it in the carlieft ages. , 


In the time of King Edward 6th it is faid Sore was an attempt to make a Harbour from 
Sandwich into the Downs, and that the eyidet traces of a canal, which {till fubfitt 
in the level grounds, between Sandwich and Sandown Caftle, are the remains of that 
attempt. It is alfo faid, that commiffioners were appointed by Queen Elizabeth in 1574, 
for taking a furvey of Sandwich Haven, and to give their opinion as to the making a 
better Harbour near Sandown Caftle. Alfo that in 1706, a plan, report, and eftimate, 
were delivered by perfons appointed to furvey and eftimate the expenfe of a new Har- 
bour from Sandwich into the Downs, accompanied with a certificate of the Flag Officers, 
and many commanders of the fhips of her Majefty’s royal navy, who then gave it as their 
opinion, that fuch a Harbour might be of general advantage to the public. 


Tt feems alfo that petitions were prefented to the Honourable Houfe of Commons, 
praying for anew Harbour near the Downs, April ad 1736; and that a committee ap- 
pointed by the Houle heard evidence upon the matter thereof ; and that in confequence a 
plan and furvey of the Downs and coafts adjoining, were undertaken by Mr. Labelye, 
afferwards Engineer to Weftmin{ter Bridge, at the expenfe of Sir George Oxenden 
Baronet and Jofiah Burchett Efquire, then members for the town and port of Sandwich ; 
a copper plate of which was publifhed in 1737-8, in which he exhibits a fcheme for fhel- 
tering fhips from the Downs by a navigable canal and bafon, in the very direction of the 
Old Cur above mentioned, and by fluices to join the river Stour. ‘ 


In April 1744, the Houfe of Commons prefented an addrefs to the King, “ that he 
would give dire@tions to proper and {kilful perfons, to view the Haven of Sandwich, and 
examine whether a better and more commodious harbour may not be made into the 
Downs near Sandown Caftle, fit for the reception and fecurity of large merchant fhips 
and men of war ; and to furvey the faid ground and fhore ; and alfo the river Stour, necef- 


fary 
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fary to cleaning and fcouring the faid Harbour when made; and to make an eftimate of 
the charges and expenfes thereof ;” to be laid before Parliament the enfuing feffion. 


In confequence of the above, an order was ifflued from the Admiralty, appointing the 
following perfons to this bufinefs; W. Whorwood, John Redman, John Major, Thomas 
Slade, Charles Labelye, and R. Charles ; who feported, that having made the neceflary 
obfervations, ‘* a better and more commodious Harbour, than the prefent haven of 
Sandwich, may be made from the town of Sandwich into the Downs near Sandown 
Cattle.” 


They propofed to carry out two ftone piers, each 2,096 feet in length from the fhore, 
into twelve feet depth of water at low waters to have a clear opening between the heads 
of 300 feet; to narrow from that to 100 £ et; and that the middle line fhould point 
§.8.E.+E. by the compafs; that is nearly S. E. by the true meridian, or S,S.E. as the 
compafs now points. The eftimate for this work was £.389,168. 135 2. exclufive of 
the value of the grounds to be purchafed. 


The report being referred to a committee of the whole Houle of Commons; after 
examining evidence of pilots and perfons beft fkilled in the navigation of the Downs, the 
committee came to a refolution, dated the 26th February 1744-5, importing, that it 
appeared to them, “ that a fafe and commodious Harbour may be made into the Downs 
near Sandown Cattle, fit for the reception and fecurity of large merchant-men and fhips 
of war of fixty and feventy guns, and be of great ufe and advantage to the naval power 


of Great Britain. 


Why this great work was fufpended, after being brought this length, does not now 
diftinétly appear ; but if we confider the largenefs of the fum eftimated, for a work fup- 
pofed to be undertaken by Government, at atime when we were at war with France and 
Spain, we perhaps need not beat a lofs to judge. ; 

The whole affair feems however to have lain dormant for fome time, till the public was 
roufed by a violent ftorm which happened on the 16th December 1748, Wherein a 
great number of veflels were driven from their anchors in the Downs, and being forced 


upon the fouth coalt of the Ifle of Thanet, feveral found fafety in the little harbour — 


of Ramfgate. : 
This 





Pe 
‘Thisfeems at once to have opened the eyes.of the public; and canfed them to be tur 

‘upon Ramfgate as the proper place for the reception of {hips when in diftrefs fro . e 
weatherin the Downs ; and accordingly, the 8th February following, a petition H9 E 
fented to the Houfe of Commons, by feveral merchants of the re London ; “ 
and matters of fhips, whofe names were thereunto fubfcribed, amounting toi : Ach 
was referred to a committee appointed to fitthe 13th following ; andon this da : = ee 

was prefented from the mayor, magiftrates, freemen and inhabitants of pani i thiting 
forth the damage that would be likely to arife to the haven and port of Sandwich fr 4 
the extenfion of piers into the fea at Ramfgate, which was referred to the fame coitiuade 


Tanlippon of the Petition of the merchants, owners, and matters of fhips, a great num- 
ber of witneffes were examined, and to a confiderable length: and the following points 
were fully and clearly proved, to the fatisfaétion of the Committee, 


1ft. That, in the faid great ftorm of December preceding, a number of fhips were actually 

forced into, and faved in Ramfgate Harbour, although then fo {mall as to be {earcely capable 

of receiving veflels of 200 tons, at any time of tide; that pier haying been only built and 
“maintained by the fifhermen of the places 


ad. That the winds in the Downs, whereby fhips riding there are moft apt to be annoyed 
are from S.S.E. to S.S. W- z 


3d. That at Ramfgate, or nearit, was not only the beft, but in reality the only place 
where any harbour could be built, that could be ferviceable to fhips in diftrefs in the Deen, 
Decaule Ramfgate was right in the lee of that road, with fuch winds as produced that dif 
trefs ; and at fuch a proper diftance, that, after driving or breaking loofe, they had time 
jo get under fail, fo that with a flender fhare of feamanfhip they could make a harbour 
if built there. 


ath. That though this fhore was univerfally flat, yet as it gradually increafes in depth 
from the Cliffs towards the Downs, it was practicable, at a moderate expenfe, to carry out 
piers into fix fect and a half water, at the low water of a middling {pring tide; and that, 
according to the rife of the tides, there would be water enough from three-quarter flood to 
one quarter ebb even at neap tides, to carry in veflels drawing fifteen feet water, which, if 
full built, was fuppofed to be full 300 tons burthen.* 


* e underftand it can bemade to appear that more than two-thirde of all the tonnage and value of shipping 
is carried on in veflels not exceeding 300 tons. 
sth. That - 
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th. That when veflels break loofe from their anchors in the Downs it is generally fro 
i : Wns it is rom 
three-quarter flood to one-quarter ebb,* during all which time the courfe ofthet se tof 
pies : g : urrent o} 
the tide is to the North and N.E. which therefore would carry them right into a harb 
t a harbour 


at Ramfgate, fo that by the time they got thither, it would) be within an hour of high 
water. 


6th. That the foil at Ramfgate being a chalk fufficiently firm to build upon, but yee 
fo yielding that the keels of veflels readily make a dock for themfelves therein ; this, with 
fometimes a flight cover of fand, forms a proper bottom to lay full built fhips aground 


upon at low-water ; and even if harp built, will, in cafe of neceflity, fubject them to the 
leaft poflible damage; and indeed to little Gr none, if proper precaution be taken to lay 
them againft a pier ; nor can they fuffer te leaft, if a proper bafon be conftruéted to 


lay them afloat. 


yth. That in time of war merchant. hips are built fharper than in time of peace; but 
that at an average more of the London traders are built full than tharp. 


8th. That the great thips in the Downs are obliged to ride in abad road to be out of the 
way of the fmall veffels, which commonly lie in the {mall Downs, and thofe {mall veffels 
being often ill-furnifhed with anchors and cables, frequently break loofé, and drive upon 
the large hips, which then run foul of each other ; whereby fometimes a whole fleet is 
fet adrift; and in the opinion of Captain Conway (then an elder brother of the Trinity 
Houfe) ifa harbour were only made for the reception of fhips of 2¢0 tons and under, it 
would prevent nine-tenths of the damage that happens in the Downs; as he fuppofes all 
fhips under 200 tons, waiting for a wind to proceed weltward, would take fhelter therein. 


goth. That {hips in Ramfgate Harbour may fail out of it with any wind, that would carry 
them weltward out of the Downs; and even with a ftrong wind at eaft, or with a feant 
windat S.E. by E. they can make good their courfe out of Ramfgate Harbour, by virtue 


when itis confidered that they are the Goodwin Sands that conftitute 
the Downs to bea road for fhips. At low water thofe fands may be confidered as a pier or break-water to 
allithe eafterly winds 5 and even at high water, it is too fhallow over them to admit the great feas to pals, 
without being much broken and difperfed, efpecially in ftormy weather. : From the fituation therefore 
of the Downs, thefe fands/on one fide, and the coaft of Kent on the other, it is only the foutherly winds that 
which alfo are much moderated by the proximity of the coaft of France; and ftill more fo, by 
and meeting the feas 5 it is therefore not till the tide turns to 
d) that the combined force of wind and tide, makes the Breet 


¥ This will appear clearly to’be the cafe, 


can annoy them, 
the firlt part of the flood tide running fouthward, 
the north (whichisat or about three-quarter fluo 
effort to breaks the fhips from their moorings. 


een 
of the flood tide, under'their lee,and fail’ weitward, when thips in the Downs cannot pur- 
chafe their anchors. Ss 


roth. That large craft might be conftantly kept afloat in Ramfgate Harbour, at low 
water, fuch as might be able to carry out pilots, anchors, cables, and other afliftance to 
men of war and large fhips in diftrefs in the Downs ;* and the matter is fo circumftanced 
that whenever they could not go from Ramfgate, boats may go out from Dover to fhips 
in the Downs. 


‘Upon this evidence, which I have carefully extraéted from the Committee’s report, I 
only beg leave to obferve; that the tides, the fands, and the coafts remaining the 
fame, as alfo the natural powers, what was true in the year 1749 will remain true in the 
year 1791. 


During the whole of this inveftigation the great proje&t of a harbour at Sandown Caftle 
feems to have been altogether loft fight of ; and perhaps at this we may the lefs marvel ; 
if cafting our’ eye upon the pofition thereof; veflels breaking loofe from their anchors 
there, with wind at any point from S.S.E, to S.S. W. would be driven to the leeward 
‘Of the harbour’s mouth before they could get under way, fo as to be under dominion of 
their helm; and therefore, after all, liable to be wrecked or run afhore upon the fouth 
coatt of the ifle of Thanet t. 


Wor indeed, according to my judgement, could a more injudicious conftruction than 
tlie piers propofed at Sandown, be well imagined ; for the heavy feas that would fall in 
between the heads (that is, all thofe producing diftrefs in the Downs) would be fo aug- 
mented by the gradual contraction of the diftance of the piers, from 300 feet at their entry, 
to 100 feet near the bafon ; that veflels would not only be liable to be wrecked between 
the piers, but thof€ augmented feas would infallibly deftroy the gates of the bafon; and 


* Such craftsand pilots now aétually {lation themfelves at Ramfgate, and are the means of faying many lives 
and much property. 


+ While the inveftigation for a harbour at Sandown Caltle was going on before Parliament in 1744, reafons 
were offered againft making a harbour near Sandwich; to which at that time no regard feems to have 
been paid, viz. Sandwich having no convenient outlet for fhips bound to the weftward, they muft remain 
wind-bound with many fair winds. 2dly. The inlet is inconvenient to receive thips bound to the weltward, 
which are detained in the Downs by contrary winds and ftormy weather; for if any fhip’s anchor flart, or 
cables give way, they mult drive paft the harbour, before the fhip can be brought into a pofition to put for 

: probably 


aa 
probably the fixed part of the ftone work alfo.—It hence appears moft evident that nature 
. . : : : : 
has not in reality furnifhed any fituation for a harbour for the Downs preferable to 
that at Ramfgate; and therefore we need not wonder, that the projeét of the long-wifhed 
6 


for harbour for the Downs was at that time promoted to be at Ramfgate, with a degree 
of eagernefs and even of enthufiafm. 


The A& paffed that feffion, fetting forth in its preamble, ‘* Whereas frequent lofles of 
the lives and properties of his Majefty’s fubjects happen in the Downs for want of a har- 
bour between the North and South Forelands ; the greateft part of the fhips employed in 


the trade of the nation being under a neceffity at going out upon as well as returning from 
their voyages, to pafs through the Downs; and frequently by contrary winds being de- 
tained there a long time; during which tl efpecially the outward-bound fhips) are ex- 


pofed to violent ftorms and dangerous gales of wind, without having a fuflicient harbour 
to lie in or retreat into, or from whence they can receive any afliftance: “Arfd whereas a 
harbour may be made at the town of Ramfgate proper and convenient for the reception 
of fhips of and under 300 tons burthen ; and from: thence larger fhips in diftrefs im the 
Downs may be fupplied with pilots, anchors, cables, and other afliftance and neceflaries ; 
and by the fmaller fhips taking fhelter in this harbour the larger fhips may take the an- 
chorage which at prefent is occupied by the {maller, and by that means their anchors will 
be fixed in more holding ground, and the fhips not fo expofed to the ocean; for carrying 
therefore a work of {uch public utility into execution, &c. be it enatted,” &c, 


The firft meeting of the truftees was appointed at the Guildhall London the firlt Tuefday 
in July 1749, (that was then next following), at which a large number named in the At, 
to the amount of fixty-fix, appeared to qualify. 


SECTION I. 


PROCEEDINGS of the Truftees from the Commencement of the Work in 1749, 
to the total Stoppage of the fame in 1755; upon Petition to the Houle of 


Commons, 


THE firlt a& of the truftees regarding conftruétion was to appoint a Committee of their 
body to view the place at Ramfgate, where a new harbour was intended to be made 
and report their obfervations and opinions to the trultees at their mext meeting ; 


Vou. lil. M : od 
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and that Mr. Robing’ and Mr, Turner of Gofport fhould be defired to: attend them as 


engineers." 7 * 


The Committee accordingly met at Ramfgate, and on their return, reported, that in 
confequence of objections having been made before the Committees of the Houfe of Com- 
mons to Ramfgate, for want of a back-water, they having examined found from informa- 
tion, that in the year 1715 the pier then landing had been lengthened ; and by infpection 
it appeared, that a bar of about forty yards breadth and Jength had been caft up, its 
higheft part in thicknefs two feet and a half; and they confidering this fmall quantity as 
the gradual effect of 34 years, thought it reafonable to expect, that when a greater depth 
of water was made by two piers inftead of one, the filling up by fullage or beach would 
become fo inconfiderable, that a fmall expenfe would continually prevent its increafe. 


They further obferved, that the feaweed or fullage that drove in, came from the welt- 
ward ; and that from the eaft there was a drift of large fhingle ; which ifit fhould take place, 
W dyantage in backing the new piers. They alfo made and reported many 
other tions confirming what was given in evidence before the Houfe of Commons 
in its favour. 





They endeayoured to fix their opinions as to one material point, which could not be fo 
conveniently fettled in evidence before the Houle ; and about which there was fome diverfity 
of opinion; and that.was the polition of the harbour’s mouth, whether South, S.S. W. 
or S..W. were to be preferred. “Towards the refolution of which queftion the committee 
premiled, « that the ftream of the tide in the Downs fets for fix hours to the northward, 
or at leaft between the north and the eaft, and then for the next fix hours the ftream turns 
and fets to thefouthward, or between the fouth and the weft ; but the time of high and 
Jow water does not corfefpond to the beginning and end of thefe ftreams ; for it is high 
water about two hours after the ftream has begun to run to the northward ; and it is low 
water two hours after the ftream has fet to the fouthward, fo that when the tide fir{t fets 


eto the northward, more than two thirds of the tide has flowed; and high water happens 


about two hours after ?? «and that having feparately examined eleven captains or matters 
of fhips of Ramfgate, they all unanimoully agreed, that the moft dangerous winds in the 


aes It may at this day feem extraordinary, why Mr, Labelye, who appears to have made the original plan, 
; “upon which himfelf and affociates proceeded as mentioned above, fhould not have been called upon and con- 
_ Talked in this latter (tage of the bufinefs; but if it be remembered that in the year 1748, one of the piers of the 
ae new bridge of Weltminiler, built under his dire€tion, moft unfortunately fettled, fo as to oblige two of the 
"arches to be taken down, after the bridge had been opened to the public, we may be the lefs Ct a 
; owns 


ame 
Downs were from the S.S. E. to S,.S. W.; and that the time when thips run the greateft 
rifk of being forced from their anchors, is when the northward ftream {ets in; a Bot 
about the fame time, that is the beginning of the northerm ftream, was likewife the moft 
prudent for fuch fhips as fhould intend tomake for Ramfgate harbour, to flip their cables ; 
for, that in either cafe, they would have both wind and tide in their favour, in handing 
for Ramfgate ; and that on their arrival, they would find it near high water, aliasing s 
hour for their paflage: and they unanimoufly agreed, that an entrance to $.S. W. is 
to be preferred : for if placed full fouth, the tide near high water would run fo flrong 
acrofs it, as to render it difficult to get in; and if at fouth-wefl, they feared there might 


All the bearings then referred to were fettled™ by 
s then 1+ point weft. 








be too great an indraught of fulla 


the compals, which in the Downs 


They alfo particularly attended to the ‘point, whether the piers fhould be built with 
wood or {tone ; but agreed unanimoufly ftone was greatly to be preferred, had it not been for 
the great difference of expenle, efpecially as they had found (and brought up fpecimens) that 
the worm bit confiderably in the pier then ftanding. On the whole they were fatisfied, a 
harbour at Ramfgate would be as practicable, ufeful, and important, as they had before 
thought ; and concluded with obferving, that no other motive than that of avoiding ex. 
penfe fhould have any weight in afligning to this harbour a form lefs perfe& or exten- 
five than it was by nature capable of receiving. It does not, however, appear that the 
Committee, on this occafion, were attended by Mr. Robins or Mr, Turner. 


The next ftep of the truftees was to advertife to invite engineers to deliver plans fealed 
up, to their feeretary Mr. Elliot, for piers of ftone or of wood, with the neceflary fpeci« 
fications, and explanations, againft the 2gth September following. 


At this time, feveral plans and models were offered, and the 19th O@ober appointed 
for taking the plans into confideration : and alfo the fecretary was ordered to invite en- 
gineers, or gentlemen acquainted with engineery, to affift the truftées upon that occafion. 
Accordingly, upon the 19th feveral perfons attended under that defcription, and were 
defired to appoint a meeting among themfelves to confider the feveral plans, and give 
their opinion to the truftees; and the fecretary was ordered to invite the gentlemen who 
fhould attend to dinner, at the expenfe of the truft. 


On the 26th of October the engineers delivered their report, which was fubferibed by 
Benjamin Robins, Thomas Innes, J. Leake, John Muller, and John Turner. The moit 


material things that occurred therein were: 
M2 That 





~~ 






That it was impropét to lay the foundation of the piers below low water mark, with loofe 
{tones thrown im at random. ‘ gaa , 





That if the piers were not carried out into a greater depth of water than 6} feet, at low 
water of fpring tides, it did not appear neceffary to be at the expence of carrying on the 
foundation by caiffons. 


That the propereft method of laying the foundation of the intended piers in the parts 
covered at low water, was by making a bafement of {tone fomewhathigher than low water 
mark, after the manner propofed by Mr. Turner. 


At a fubfequent meeting, Mr. Defmaretz. “fr. Prat, and Mr. Mill, gave their opinions 
yelative to the manner and materials neceflary © the building the piers of the intended 
harbour, 


The truftees then ordered notice of a meeting upon the 15th December, for taking into 
‘their confideration all the plans and propofals that had been or fhould be laid before them, 
{and to come toa determination thereon: and that all perfons having any thing further 











4 ‘to offer, fhould be defired to deliver in their propofals before that time ; recommending 


a full meeting of the truftees on this extraordinary occafion. 


_At this meeting feveral plans and feétions were examined, amongft which was a plan 
from’ Captain Robert Brooke of Margate, and a feétion from Mr. Defmaretz chief engineer 
at Portfmouth ; and ata fubfequent meeting, three more plans and fections were delivered, 
amongft which was a’plan and fection by William Ockenden Efquire, one of the truttees : 

“and at a meeting afier that, ten different plans, laid before the board in confequence of 
the original adyertifement, were examined ; and an abflraét ordered to be made by the 
fecretary, and laid before the next meeting ; at which, on the 12th January 1749-50, it 
-was refolved, that the harbour fhould be proceeded with according to the plan figned by 


the chairman, fubjet’ to the further alterations of the board. ‘That the eaft pier thould 
be proceeded upon with ftone ; and the welt pier with wood. 


ah 


- *Bta fubfequent meeting it was refolved, that the plan and fection propofed and delivered 


by William Ockenden Efquire, for erecting a ftone pier, fhould be the method of build- 

ing the caft pier's and that the fection and model which was propofed and delivered for 

a wooden pier ‘by Captain Robert Brooke, fhould be the method of building the weft pier to 

Tow water mark neap tides: and that Mr. Ockenden and Captain Brooke fhould be applied 
“to, for their defeription of the proper materials for the piers refpeCtively propofed by them. 
3. ae . The 


TiS: 


‘Phe 2d February 1749-50, it was refolved, that the eaft pier thould be carried on by 
workmen appointed by the truft, and materials purchafed for 100 feet of pier; and 
Thomas Prefton was appointed mafon or foreman of the {tone work ; who by the Board’s 
order, fet out for Maidi{tone, Folkftone, Dover, and Ramfgate ; and was to follow the in- 
{truétions given him; and Gaptains Conway, Stevens, and Bennet, were defired to affi(t 
Capfain Brooke in purchafing materials and carrying on the weft head, 


Mr. Prefton's firft report of the 23d following, chiefly contained an account of the 
ftone materials afforded, and ufed at the places {pecified ; whereupon he was ordered to 
go to Purbeck, to make the proper enquiries concerning the ftone theres Mr. Ockenden, 
Sir Peter Thompfon, Mr. Fry, Captain Barker, Captain Hughes, Mr. Hyde, Mr. Norris, 
crying on the eaft head, and were defired 
to confer with the committee for the weft Head, as often as they fhould find neceffary. 


and Mr, Pole, were appointed a committ 


Mr. John Scott was appointed foreman for carrying on the weft pier. 


Things being thus fettled, nothing happened but what might be expected to. be the: 
refult of the difpofitions mentioned ; and tt 1s worthy of notice, that a quantity of Barrow 
limeftone was got, as recommended by Mr. Prefton. 


In 1751, a committee being appointed by the board to make a furvey of the flate of 
the works, made their report the 25th July. ‘The moft material things to be obferved 


were as follows :— 


That the ftone pier extended 390 feet, of which 104 feet were completely ready for the 
parapet, and the reft above the reach of a {pring tide and that while the committee was 
there, the foundation was run on 83 feet further, in the whole 473 feet. “They examined 
the work, and found it free from any kind’ of failure whatever, 


The weft head was carried out about 460 feet. from the cliff; and 540. feet thereof " 
were propofed to be completed that year. 


»The commitee were attended’ by Mr. Turner of Gofport and Mr. Vincent of Scarbo- 


hi ° b f 
rough, and recommended the ufe of afhler inftead of backing ftone, fince a cube foot ol 


fhell lime * coft more than a cube foot of afbler. 


ecommended, the committee being of opinion it would 


ber i then r Ps 
aS ed e outward angle of the ealt pier with the land. 


colle the fand and fhingle in th 


for the backing of Ramfgate harboury : 


* At this time fhell lime was ufed By. 





# 





By the {eparate repott of the engineers, of the fame date with that of the committee, it 
appears they were of opinion, that the’ part of the ftone pier then done, was but 
barely fufficient to refift the force of the fea; therefore recommended:the future parts to 
be made with 40 feet bafe, and 30 feet at top ; and an additional courfe of afhler, to the 
height of 18 feet above the foundation, both infide and outfide; and above that, one 
courfe only ; the core to beleffened. The chalk to be well beaten, and mixed with grayel ; 
and not mixed with mortar as then praétifed. All the afhler to be fet with terras mortar, 
and the backing mortar made with brick-duft or fea-coal afhes. 


In furyeying, they found the bottom regular, and in the circumference of the harbour, 
the depth of low water not exceeding five feet fix inches; and that the foundation might 
be carried out without caiffons, fo as to aniwer the defign, in a manner by them de- 
Teribed ; which was that of laying large Portland blocks in the ground courfes, fo as to 
xeach above low water. 


The following Board agreed to the ufe of afhler for backing, for the reafons given by 
the committee in their report. A locker or grind to be made as propofed. Captain 
“will b ‘Read was appointed hayen-mafter, with inftrudtions to hoift a flag when there 
‘was ten feet water at the old pier head. 


6th December 1751, a general meeting was appointed to confider of the method of 
founding the piers beyond low water mark, when Mr. William Etheridge produced a 
model of a caiffon ; and a model of a tool, and method of working it, for making a 
trench, and levelling the ground under water for fetting the caiffon upon. Captain 
Robert Brooke fent a model for laying the foundations of ftone, without caiffons, ac- 
companied with a defcription. In confequence of which the truftees ordered an advertife. 
_ ment for contraétors to deliver plans, propofals, and eftimates, for conftruéting the piers 
_ beyond low water mark, 
4 The 3d January 1752, Mr. James Morehoufe prefented a plan, propofals, and eftimates ; 
hi however were not approved; but it was refolyed, that a foundation, not exceeding 
200 feet, fhould be carried on with large blocks of ftone, agreeably to two plans given 
in by Mi. Prefton the mafon. 






= a ee 
sr 24th January ; it was Yefolved that the faid 200 feet of ftone pier fhould have its foun- 
{dation laid in a channel ‘or trench, dug into the chalk ten or twelve inches deep ; and a 
motion was made, and agreed to, that a furveyor fhould be appointed ; and that a proper 
advertifement 
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advertifement fhould be confidered for the purpofe: Friday the 21{t was appointed for the 
eleGtion of one, from fuch perfons as fhould offer, to infpect and direé the careful and ex- 
peditious carrying on of the building ; and the mafon’s report was poftponed till a furveyor 
fhould be chofen; but Boulogne lime and lime kilns were ordered to be fet about 
immediately. 


axft January. It was refolved that fuch furveyor as fhould be chofen, fhould have a 
falary of £200. per annum, and refide at Ramfgate. 


On this occafion, feven perfons applied ; amongft whom were Mr. Etheridge, and Mr, 
Vincent the Engineer of Scarborough Pier, who both produced ample teftimonials ; but 
on holding up ofthe hands, the major 
ftrongly recommended by Mr. Ockendet 
of the Board for his plan, care, and attention ; and which were defired to be continued. 


vas declared for Mr. Etheridge, who was 
and who received on this occafion the thanks 


28th February. Inftruétions were given by the truftees to the furveyor, and were in 
fubftance as follows :— 


“ The furyeyor is to refide in Ramfgate, and not be abfent without leave firft obs 
tained from the truftees at one of their meetings ; and to have the infpedting and diresting 
of all the works that have already or {hall be hereafter carried on, under the direction of 
the truftees of Ramfgate Harbour ; and alfo to have the direétion of all the perfons em- 
ployed therein, at Ramfgate, except the clerk of the cheque. He is weekly to tranfimit 
to the fecretary an account of the progrefs of the work, and of the tranfactions relative 
thereto, that they may be laid before the Board at their feveral meetings. He is truly and 
faithfully to infpeét the feveral materials which fhall be delivered, and report to the so 
thofe which are not according to agreement or contraét ; and frequently to examine the lift 
of the workmen employed, and fee that they perform the labour they are paid for ; and as 
foon as he conveniently can, he is to take an account of the abilities of the feveral swore 
men employed, and report to the fecretary, whether they are deferving tie ‘wages therein 
charged; but no alteration of wages fhall at any time be made by Es mo firt 
mentioning his intention to the truflees, and receiving their pga 4 ul he increafing ; 
or leffening the number of workmen to be left to his difcretton: But he is from ume to 
time to acquaint the Board of his reafons for whatever alterations bee fhall make among 
thems..Nor is he to make any material alteration of any kind, without previoufly ac- 
quainting the fecretary thereof, and taking the directions of the truftees thereon, = 
general he is to infpe& and direct every thing relating to the works,, fo that they may 
be carried on in the moft expeditious and frugal manner.” = 


ae 


ails 


~o sth March, Mr. Etheridge delivered his frit report, which deferibes the ftate of the works 


at Ramfgate on a general view ; and haying infpeéted a cargo of backing ftone brought from 
Purbeck, he thought it very good, and capable of making very fufficient work, without 
building the wall entirely. with athler; but for the benefit of the work, he recom- 
mended to fend’a proper perfon to Purbeck, at the expenfe of the truft, to fee that the 
ftone be good, properly worked, and the courles thipped as wanted ; which was after- 
wards ordered by the Board. 


Here it may be neceflary to obferve, that Mr. Etheridge appears to have been a perfon 


ofa truly mechanic genius, and having been brought forward by the celebrated Mr. King, 
carpenter of the works of Weltminfter Bridge, as his foreman, and after Mr. King’s death 
become his fucceffor in completing this branch of thofe works, might be prefumed to 


be a man of much experience in the carpentry line :* but being here appointed direétor of 


the whole work, and looking upon himfelf as competent to the mafonry as to the carpentry 
branch, there very foon arofe a difference of opinion betwixt the furveyor and Mr. Prefton 
the mafon, that afterwards turned out of great detriment to thefe works. Mr. Prefton, 


* 


though by mo means equal to Mr. Etheridge in general mechanical knowledge, yet was an 
_ excellent nafon, and well informed in the nature of the materials proper to his trade :—the 
“making of mortar being rather of a chemical than a mechanical nature. Mr. Prefton, before 


the appointment of Mr. Etheridge, not being fatisfied with the ufe of hell lime under water, 
which was in part ufed at Ramfgate Harbour, recommended to the truftees the trialof various 
lime ftones; Viz. Aberthaw, Barrow, and that of Boulogne, of which cargoes had been 
ordered; but their merits had not then been fufficiently inyeftigated. Mr. Etheridge un- 
fortunately had adopted fhell lime for waterworks, and accounted that of Maidftone, and 


$t. Vincent’s Rocks at Briftol Hot Wells, as preferable to the above. t 


Mr. Etheridge, as reported, being of an auftere temper, not readily giving up what he 


had once advanced, a fhynefs took place between thefe two officers ; which though it did 
Not prevent either of them from punétually doing his duty, that is, did not prevent Mr. 


- Prefton from fcrupuloufly purfuing his orders from Mr. Etheridge; yet it prevented that 
- interchange of fentimentsand confidence, which is fo effentially neceflary among the princi- 
pal officers of a great work or enterprize, that it may be carried on to the belt advantage. 


* Mr. Etheridge afterwards defigned and built the famous wooden bridge at Walton-upon-Thames ; the 
middle arch of which {panned 120 fect. 


4+ Sce the chapter off water cements, Smeaton’s account of Edyftone lighthonfe, 


Mr. 
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Mr. Etheridge now proceeded to put in ,praétice his propofed method of laying the 
g 






foundation of the piers, in cafes or caiffons, and fhewed that method of digging a trench 
. . . . . + , 7OF 

under water, and levelling it, which, being attended with certainty, and every neceflary 

degree of difpatch, has ever fince been the method put in prattice here, and fo continues 


to this day. 


Every thing appeared to go fuccefsfully on during the year 1752; and the comimittce of 
the agth September, reported that 68 feet of ftone pier, of the fame dimenfions as the eatt 
pier, had been added to the 550 feet of timber work of the welt pier, and 138 feet of foun- 
dation carried out five feet high. 


The 26th January 1753, produced an order of Board, that Mr. Ockenden, and any 
other gentlemen of the truft, fhould be defired to go to Ramfgate to confult.with the fur- 
veyor there, and give direétions for a proper plan to be drawn of the extent and man- 
ner in which the work fhould be carried on and finifhed ; and that the faid plan fhould 
be laid before the Board for approbation. 


r4th May 1753, the Board read Mr. Ockenden’s report of his furvey made at Ramfgate, 
and confidered the plan for carrying out the work, which is dated the auft April, and 
figned by him and the furveyor, but came to no refolution thereon; however Mr.Ocken- 
den received the thanks of the Board, for his great care and pains in making his late furvey 


and report. 


At a general meeting, 14th December 1753, for confidering the plan of the Harbour, 
a motion was made, that the Harbour be contracted to 1,200 feet in width, according to, 
the plan this day laid before the Board by Mr. Ockenden; which, being debated, was 
carried on a divifion of 28 to 15. And onan adjournment to that day fe’nnight, the refo- 


lution was confirmed; 26 to 7. 6 


Upon. this contracted plan, which appears to have originated with Mr. Ockenden, 
Mr. Etheridge feems not only to have vigoroufly proceeded, but even to have pufhed the 
execution; for, by the Committee’s report on their vifitation, the 9th Ottober 1754, after 


declaring their opinion, that the contraétion ordered by the Board would leave the Har- . 


bour large enough to contain more fhips than would ever have occafion to lie there, at the 


fame time ; and “ that the curve at the wi 
ginal plan, would give fufficient room for fhips to b: 
pier, the 138 feet of foundation mentioned laft year to be laid, was taken up, anda tempo- 

Vou. Ill. N : rary 


eft pier continuing the fame as it was in the ori- 
ring up ;” they reported, that at the welt 






rary crofs wall of baéking dl been catried out eaftward'278 feet 5 but that from 
the eat end’ oF this, nearly 450 feet had been carried out foutherly, to five feet high and 


upwards 5 and 111 fect to 19/feet 8 inches; and furthermore, that the piles had been 
driven for founding 80 feet more. ee : é 


ee a 





wd 


At this meeting the furveyor pointed out a communication to be neceffary by land to the 

welt pier ‘at high water, and recommended a itair-cafe from the top to the bottom of the 

‘ cliff; which work being foon after executed, was called Jacob’s Ladder, which name it 
fill: retains. a . 

This appears to be the laft work of Mr. Etheridge at Ramfgate, for while the works of 

this faummer were going on, remonftrances > “he truftees came from feveral ports, de- 

claring itrongly againft the contraétion, and suich ended in an application to Parliament 

in 17553 when the petition of merchants, owners, and mafters of fhips, whofe names 

were fubferibed, fet forth; That from the works carried on under the direétion, of the 

‘Truftees of Ramfgate Harbour, for fome time the petitioners had great reafon to hope, 

that a fafe and commodious Harbour would be made there, for the réception of fhips and 

;, and thereby the intention of the Legiflature anfwered in impofing the duties ; but 







‘that. 


it, in or about December 1753, the faid Truftees had refolved to alter and contraét the 
faid Harbour ; and during the laft fummer, fuch works had been carried on towards alter- 


ing and contra@ting the fame, that if further proceeded in, and finifhed according to the 
: ees. the faid truftees, would, in the petitioners’ apprehenfion, render the faid 


¥ ees 


in a great meafure ufelefs; and that the expenfe thereof would,be loft to the 
public.” 


« That as the petitioners were fully conviriced a fafe, commodious, and ufeful Harbour 


_ might be made at Ramfgate, to the great advantage of the commerce of this kingdom, 
under skilful and proper directions ; . 


* 


The petitioners therefore humbly prayed the honourable Houfe to take into their 







er of the above petition having been fully heard by the Houfe of Commons, in 
the tt of the year 1755, that Houfe thought proper to addrefs his Majefty, “ that 
“he would be gracioully pleated to appoint proper and {kilful perfons, to make a furvey of 
‘the works carrying on at Ramfgate Harbour, and give their opinions thereon ; and what 
might be the moft proper plan for finifhing and completing the faid Harbour; to make 
a : * 


Lot J 
an eftimate of the expenfe thereof ; and that his Majelty would be gracioufly plealed to 


caufe fuch plan or plans and eftimate, together with an account of all the proceedings 
of the faid perfons, to be laid before the faid Houfe in the next feflion of Parliament.” 


In confequence, Sir Piercy Brett and Captain Defmaretz were appointed to this fervice; 
who, the latter end of the fame year, delivered their plan, report, and eftimate; and in 
the feffion of 1756, a bill was brought into Parliament, which was much agitated, and 
canvafled; but it did not ultimately pafs into an a&t, Thele proceedings however had 
the effet of putting a total {top to the works at Ramfgate. 


SECTION Ill. 


OCCURRENCES from the ftoppage of the works in 1755, to their recommencement 
in 1761. 


IT may in this-place-be proper to-give-a-fhort_account of this {cheme of the furveyors 


appointed, as nothing was in reality done upon it. 


The report of Sir Piercy Brett and Captain Defmaretz is addreffed to the Lords of the 
Admiralty, and was printed in 1756, It almoft fets out with faying, that “ according 
to the belt of their judgement the works already made, and every plan hitherto impoled, 
feem liable to very material objeétions 5” they goon to fay, “ and we think it proper 
that the work done upon the contracted plan fhould be taken up, and the materials made 
ufe of in carrying out the Welt Pier.” 


Tt is however tobe noted, that the whole of the work that had been done, exclufive of 
what concerned the contraction, was propofed to make a part of their own fcheme, being 
no other than the ftraight walls or piers from the fhore; but they propoled, by 5 
ing upon them, to carry out the pier heads further by full 400 feet to eo 5 wa 
cording to any of the plans that had been before exhibited, and wig set . 
place them in eight feet water. They alfo propofed to make ne ae - ne uns 
mouth right towards the Downs 5 whereas according to the advice . ~ ah : ee 
mentioned before, all former plans had exhibited that opening to be ce , sl a - 
three points more wefterly than the fituation recommended en le rs es < 
width of their opening,-as fhewn in their plan, is 275 feet 5 which is 75 teet greater W ‘ 
than any of the former fchemes. 


Na They 


a 
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They further propofed, “ for the better prefervation of fuch fhips and veffels which are 
fharp built, and liable to receive damage by laying a-ground, to have a bafon at the i 
fide of the Harbour, to be funk fixteen feet from the low water of a {pring tide 4 
partly inclofed with a flone wall, as deferibed in the plan; where so or 60 thips ae 400 
tons might always Jie afloat in fmooth water: and they humbly conceived, that without 
fuch a bafon the Harbour would not anfwer the good purpofes intended by Parliament.” 











Eftimate for finithing the Harbour, according to the plan - - 15 33548 ‘i 8 4 
Add for completing the propofed bafon. - - = 50,567 14 0 
= sacl = Total expenfe of the work: »‘spofed - of. 204,116 124 





ae re 


S "NB. From the above the furveyors dedu& for old materials to be drawn from 
‘the contraéted walls, the fum of £.8,210 5s. 4d. fo that the total, at the foot of 
their eftimate, ftands £.195,906. 75. 6d. 


Fee, 


Lae ee 
. © Such was the plan or fcheme of Sir Piercy Brett and Captain Defmaretz, upon which 


ab 


{ fhall have a few ftriGtures to offer when they come in courfe, 


How it happened that this contracted plan of Mr. Ockenden’s, which was productive 
of fo much mifchief and delay, came to be fo ftrenuoufly efpoufed by him, is not now 
eafy to fay ; certain it is, that on a calm review it amounted to no more than to make 
alefs Harbour at a greater expenfe than a larger; and that without any apparent induce- 
ment, unlefs what is alledged in the Committee’s laft report, p. 89. is to be looked 
uponas fuch} viz. that the contraction will leave the Harbour large enough to contain 
more fhips than will ever have occafion to lie there at the fame time. How it happened 
that Mr. Etheridge should come into the fcheme is equally wonderful, as Mr. Etheridge 
appears to have been a yery ingenious perfon, and which therefore can fearcely be ac- 
counted for, but from jealoufy between him and Mr. Prefton, who it feems was againtt 
the contraction. Finally ; how it came to be adopted by the truftees at large, many of 
whom were able and experienced feamen, can only be accounted for by fuppofing Mr. 
Ockenden, having had occafion to confider works of civil engineery in his private 
affairs, became the leader of the majority ; but ftill, why Mr, Ockenden, who was a man 


of fortune, and then was, or had been in Parliament, and does not appear to have had any 


immediate interelt in this bufinefs, fhould have wifhed in that ftrenuous manner to lead 
the truftces into a fcheme fo unneceffary, is tome at this day equally wonderful and unac- 
iy countable ;. 
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countable ; but in this I am firmly perfuaded in my own mind, that had Mr, Etheridge 
fuffered Mr. Prefton to have had his due weight, this [cheme of contraétion had never Fin 
brought forward; which would have faved the truftees much trouble, the truft much 
expenle, and the work itfelf great lofs of time. 


In this {tate the Harbour was at the time of this ftruggle, the eaft pier beingycarried out 
757 feet from the fhore, and the welt 849. There however appears not the leaft apprehen- 
fion from the public that the fituation of the Harbour at Ramfgate was improperly chofen; 
the effort was, that it fhould not be contra: ‘ted, and its utility thereby diminifhed ; nor did 
any feem to wifh it enlarged, Sir P. Brett and Captain Defmaretz excepted ; and how 

g their projected bafon (fixteen feet under 
<ecuted, if they had afterwards found, on 


mutt thefe gentlemen have ftood aghaft, fu 
low water mark) could have been at 
turning the curves of the piers, that the f. it operation of nature was to fill it up, not only 
level with, but much above the level of the ground wherein it was dug. 


After this total ftoppage of the works, a confiderable paule followed ; for we do not find 
the record of any tranfaction, till 30th April 1760, when the Board came to a refolution 
to proceed with the works, and gave an order for {tone and other materials neceflary 
for the purpofe. It may indeed feem extraordinary, that in the laft four years nothing 
But I have been informed that the truftees were totally ata lofs whar to do, 
fufpended, and no new,aét of Parliament made to chalk 
out what was to be done. In this interim, I underftand, the truftees applied to the Houfe 
of Commons, and alfo to the Lords, and were told verbally, that as nothing had been done 
to fufpend or alter their original powers, the belt way would be to proceed according to 
their beft diferetion. Accordingly the 20th June 1761, a Committee, by appointment of 
the Board, affembled at Ramfgate, and reported that it would in the firft place be necef- 
wracting walls ; of which they ordered a beginning. 


was done. 
as the works had been entirely 


fary to take up the cont 


SECTION IV. 


from the recommencement of the work in 1761, 


TRANSACTIONS of the Truftees 
hen the Committee preffed the Board to confider 


to the end of the year 17735 W' 
of more effe€tual means for cleanfing the Harbour. 


t of the Board, met at Ramifgate the a 5th June1762; 


done in laying frefh foundations, and taking up the 
works: 


A COMMITTEE, by appointmen| 
and reported that a good deal had been 


i - a oe 
g ; the contracted 

rear to have gone on with afaerity, an ROEEE Brery de. 
at had been expected ; ‘but it was now a mortifying fight to the truftees 
IIs towards one another, fo as to 


» 


s fro m Ramfgate contained fo little of confolation, or hopes of 
: 1770 pafled without a vifitation from the truftees ; 
hhich bears date Ramfgate, 25th Auguft 1771, 

ded, acquaints us, that the Com- 

se of | three poles with flags upon 

dne at 250, an om the aft head, 


the welt pier ; 


the harbou 


ebe 300 feet ; an Mr. 
eft head, agreeable to thofe dimenfions. 
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The Committee conclude their Report with obferving, that though a hopper and two 
lighters had been employed fince January 1770 to empty the harbour, yet they were forr 
to inform the truftees, that the fand had much increafed therein ; but that they had ve 
direétions to continue, with the utmoft diligence, to do every thing in their ease to 
make the harbour ufeful ; and recommended to the Board to confider if they could find 
out a more effectual method. 


The Committee’s Report of 1772, comprehends only the report of progrefs; the two | 
heads being now in great forwardnels. aes 


Ramlgate, 41ft Auguft 1773, the Com» ‘ee, after reporting progrefs towards finifhing 
the heads, and that an engine had been iif/od to a lighter for taking up fand, and another 
Engine for throwing up fand had been repaired, add that they could not help ex- 
prefling their great concern in finding a vaft quantity of fand and fullage oe 


harbour, notwithftanding that fince January 1770 upwards of 52,000 tons hac ; 
out at an expenfe of £1,100, and it was feared it was rather increafed than hed 5 


fufed to work without an inereafe of 



















and furthermore that the men employed herein re 


price. 


The Committee defired to remind the Board that in 17471, the gentlemen e: 
apprehenfions on the fame account ; and recommended it to the Board toc 
more effectual method of clearing the harbour ; that in confequence thereof the Secretary 


had direétions to write to Mr. Smeaton, 
upon the clearing and deepening of the harbour; but as the Committee were: 
that he could notattend them that year, om account of a pre-engage 
Ireland, the Committee therefore advife nothing more to be done, 

that gentleman, or fome other able engineer, could be had. The Commit 
ferve, that of the fand thrown over the ealt pier, confiderable part x 
and fettles in the harbour : therefore fhould the Board think ita 
taking up thefand, &c. they recomm t 

400 feet range along that fide ; and that it be cartied up in t 
feet of crofs wall now building ; and_to prevent its wal in 

wall joining that, right in towards the cliff, 


oe 
: 


mation n. 

: nd him, in taking foundings, 
Seq, ME cay $ 

experiments upon the quantity and 


veltigate every matter that appeared to him necef- 
anfing the harbour now before him, 


a 


iD " ; ao the 
the new rakes at the 
till flood; and ordered 





os 
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« Having been confulted by the truftees of the Harbour of Ramfgate, upon the beft and 
moft effectual method of clearing the harbour from filt gathered therein, having carefully 
viewed the faid harbour in April laft, in the prefence of a Committee of truftees, and having 
taken fuch foundings, admeafurements, and other obfervations as appeared neceffary ; 
haying alfo confidered the feveral plans and papers fince put into my hands, by the Board, 
it appears to me as follows:— 4 


« That a large mafs of filt, confifting partly of mud but chiefly of very _ = 
been brought into the harbour by the tide, the tide water upon this part “the coatt 
being charged with a confiderable quantity of mud and fandy matter, whenever it isagitated 
by the wind, accompanied with a quick flowing tide. This filty matter being thus carried. 
into the harbour along with the water that contains it, and there finding a place of repofe, ‘ 










water quietly ebbs out of the harbour, leaving the-filt behind. And as 
conftantly operate to produce the fame effects, a continual increale of 


to take place, till fome caule is brought to operate-in-a contrary v a 


‘¢ ‘This is the natural tendency of all harbours ; for wherever there is mud or matter to 
depofit, an addition to the foil is the natural confequence of a place of repofe; and a 
depofition and increafe muft take place, unlefs there are powers either natural, : 
to produce a contrary effect.”’—** The common natural power. is. 7 ra an 
which continually tending towards the fea, and often, in time of floods, with great impe- © i 
tuofity, makes an effort to carry out whatever oppofes it, The fand and filt therefore 
brought inb¥ the tides, is carried out by the torrent of frefh water. Harbours therefore 
that have no land water or back-water cannot naturally keep open for a large cou 
years*. Thefe’being the effeéts of the powers of nature, we muft by no y 
that the harbour of Ramfgate, into which and through which not the leaft 1 
of frefh water takes its courfe, has obeyed this general tendency. or, u 
the work of the piers has advanced, the {pace being inclofed,. 
quiet, and in that refpect more fit for the purpofes of a harbour 
proportion has the filting taken place, and muft continue to in 
harbour becomes dry land, and inftead of a j 
that is, unlefSrecourfe be had to fuch Fs ce 

























© How far thefe effeate: were, or might have been, 
built ; or being forefeen, nea it might have been 
* Large natural harbours or arms of the 
Vou. Ill. . 
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{ 
STATE of the HARBOUR in 1790. 


STATE of the HARBOUR in 1774. 
with aDesign for a Double Bason & Shrices with the Principal Works then Executed. 


for Scouring out the Silt. _ by 7.sMearoNn. 





Tibial ar he det directs, sis, by Longman Bre Bee, Orme and Brewn Paternoveer Bow. Leadon. 





been got above half 
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been received, has itfelf in a moderate {pace of time filted up and become ufelefs.. 
A method however fuggelts itfelf to my mind, though I do not remember to i 

where feen it put in praétice, of keeping the bafon equally as clear as the harboui 
tended to be cleaned thereby ; and that is by dividing the bafon into two parts, by a pai 
tition, with 2 fluice, or fluices, capable of retaining the water in either while the other 

empty,; for by this means they can reciprocally be made a bafon for clearing eac iter * 
and be both united for clearing the harbour.” a 
























The harbour of Ramfgate is very well adapted for the execution of 
every where a found bottom of chalk, upon a regular decline frog th ‘te 
harbour’s mouth, and from thence out to fea. The fet of the tide, which is 
at particular times, runs croflways upon the harbour’s mouth, fo that as foon 
is wathed to the outfide of the heads by the artificial current, the natur cu 
tides will wath it away, and effeétually prevent any bar from b 


« The fand itelf fs of fuch'a nature as to Jeaft-refitaniobly 
current; for the grains being fmall, though hard, and fpecifically h 
united by any loamy or tenacious matter, will give way to the i 
current.” 





‘This report was accompanied with a plan, 
mode of executing the fcheme 
begun for another purpofe, in an e: 






produce a ve powerful effeét in c _ infom 
be likely to make from fifteen to fixteen feet water, a comme 

i feet at common {pring ti * are 
to nineteen feet at co pring des a = 


a Cm 













er part 0 arbor bal fon or bafons, for feouring the harbour by 
[ ~ The committee likewif conferred with Mr. Prefton, and confidered a 
or cleanfing the harbour, by making all the upper part into.a bafon, for fcour. 
; and Mr. Prefton now declared his opinion that it would clear away the 

wherever the power of the iluices could reach *. 

ee i aha =u’? 
“they being cautious in 
experiment what effect an 
be feuttled, feventeen inches 
poet a the end of 
{at low water, it ran out 
in diam ind depth. 
than at its! rn, the water 


for hamrowing:up the filt, propofed to the Board 
Angult RnB ten months after the 
¢ come to a different view of this bufinefs to what 


made 





vclatl © fand to a confiderable diftance. Thefe experiments were tried in the prefence of 


"range of piles and planking, to"be erééted von the 
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made by the difcharge of the fluice, was about feven feet wide at the furface of the fand, and 
fix feet deep to the bed of the chalk ; and a channel was then forced of near 100 feet long. 
The Committee now feeing the effect of the confinement of the water, and of repeae iL 


v 


difcharges, ‘ied the experiment of the barge twice more, when theshole was rendered © 
ten fe. witeupon the furface of the fand, fix feet deep to the chalk, and three feet wide | 
upomsne Ged of chalk; the channel being full 100 feet long ; and the ftream carried fome a 










Meffis. Barker, Slater, Aubert, Laprimaudaye, Bennet and Bennet junior, who all 
filly fatisfied of the effect to be expected from fluices when made in large, . 


» 





Mr. Barker and the two laft mentioned gentlemen continuing at Ramfgate another 3 
week, in that time further confulted yous )e.Prefton, upon. the eligibility of | ryi 
the wall already begun, acrofs the hetogs to the old pi or € 
upper part of the harbour into abafon for . uring it with nd 
feveral old men of the town, refpecting the moft 
bour, Mr: Prefton’ was ordered epare~eftimates: r 
wall and fluices, and Mr. Stead the carpenter, to prepare an eftimate of | 
making one fluice, and the time neceflary to con{truétit ; and to. make a model. 
be fent up to town for the infpedtion of the Board. The refult was, that th 
finally recommended to the Board, that Mr. Prefton’s plan‘for ¢ 
means of fluices fhould be carried into execution with all poflible 




















of one, to 
tee. 
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In the year 1777, Mr. Prefton the mafon being then d 
foreman under him from the beginning of the work, appears as m 
Mr. Henry Cull as his foreman. A gonfiderable progrefs with: 
as well as other works of the , was reported onit 
year’s work; as alfo, by the Com of July 177852 
works of the crofs wall; the floor of the fifth fluice being, laid 
five fluices framed. ‘The Committee now perceived a greater a 
the harbour, than béfore the crofs wall was ‘built fo fa 


agitation; and be a means of making that part of the: 
{tation for the thipping, more fafe 
and the crofs wall to be carried out 


* = 
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SECTION VI. 


The firft Starting and Effects of the Sluices in 1779, with the Account of their Operation, 
to the end of the Year 1781. 


1779.—THE Committee of the 9th Auguft report the range of piles driven, and in-part 
planked, the works of the crofs wall much advanced ; Mr. Barker, earneftly defiring 
to fee a trial of thefe works, though far from finifhed, or the walls got up to high water, 
yet, the 1ft, 2d, 3d, and 4th fluices being fixed, made a ftrenuous effort to get the 
great gates hung, and the fifth fluice made capable of penning in the water while he ftaid 
at Ramfgate. Meffrs. Aubert and Laprimaudaye at this time arrived, and Mr. Paris 
attending : the gates being hung, and all the fluices put down at high water, the Com- 
mittee attended at low water, and having ordered all the men to be ready, and 
placing them in proper proportions at the gates and fluices; the men applied them- 
felves to the handles to ftart the fluices, when the fpindles upon which the wheels were 
broke upon the firftattempt of every fluice ; fo that at prefent there was no pofii- 
? any more than. the two fluices in the gates, and which indeed were drawn 
by tackle blocks ; but the force and power of the ftream iffuing through thefe two fluices 
only, was fo amazingly great, that in its immediate aétion it forced up the Chalk Rock 
to the depth of fix and feven feet, and carried pieces of it of three to four hundred 
‘weight, to the diftance of 60 or 70 feet ; and in its courfe, cleared away the filt and 
i ge down to the chalk, to low water mark; the ftream continuing ftrong 2 or 300 
feet, without the Harbour’s mouth. Some defects were found in the wall and other parts, 
which being remedied’ as well as time would permit, the water was ordered to be pent up 
in the bafon again; and the tackle blocks to be applied to the fluices, as-well as to thofe 
of the gates 5. yet though all the people were properly placed, there was no poflibility of 
raifing more than two fluices, exclufiye of thole of the gate’, notwithftanding 30 or 40 
“shen heaved at'edch fluice. However, with a great deat of labour and difficulty, the Com- 
‘mittee afterwards got thofe fluices ftarted twice again, and were happy to inform the 
Board, that the effeéts produced exceeded the general expectation : the ftream of water 

a “the fand a great way beyond the entrance of the Harbour, in fuch quantities, that 
the feaat the diftance ofa mile anda half, was obferved to be exceedingly thick and foul. 
The ‘deep channels through the fand’ in the harbour, appeared fimilar to the beds of 
rivers 5 ‘and the general voice feemed unanimous in teftifying their firm belief, that the 
back water wouldeffetually <leanfe the harbour. 

oh eee 






To 


fearc3 


To devife fome proper method to ftart the fluices, feemed a difficulty not ealy to 
be got over, as the people could not contrive any purchafe adequate to the purpofé, But 
Mr. Aubert obferving that the planking of the fluices were put to draw crofs ways of the 
plank, which operating in a rough groove of ftone mult neceffarily caufea great fridtion 5 
orders were nediately. given for the trial of one made in a different way, and they then 

to work with fufficient eafe ; and the fpindles being repaired and made of wrought 
, the water was again pent up, and it was difcharged in the prefence of the before men- 
tioned gentlemen, and of Mr, Sibley and Mr, Lutkens, who were then arrived, and things 
were now found m 2tter adapted to do theirduty; but the Committee finding that 
the rapidity of the ftre of water iffuing from the fluices had, by its great power, forced 
up the chalk rock to a confiderable depth; infomuch that the crofs wall would be in 
great danger of being undermined ; they orders to the mafon and carpenter to con- 
{truét proper aprons for preventing thoit 780% in future. 


The Committee further report, that during the laft winter it had beena prevailing com- 
plaint that the Harbour had-been greatly-agitated, and. at fome particular times rather 
unfafe for fhips to lie in; which was not the cafe before building the crofs wall, asthe fea 
then broke and fpent itfelf upon the fhore : and asit had been obferved that the fea moftly 
ranges along the weftern pier, and that the crofs wall {topping and repelling the fwell, it 
returns on account of its not haying any yent or outlet, and caufes that great difturbance 
and agitation now complained of, Under thefe circumftances, the Committee recommended 
that about 2 or 300 feet of the weltern end of the crofs wall (or what might be neceflary) 
fhould be taken down ; and that from thence a wall fhould be built up towards the cliff ; and 
furthermore, that about 80 or 109 feet of the timber pier fhould be taken away, beginning 
about the énd of the crofs wall, and the opening to extend towards Jacab’s Ladder ; the 
Committee having great hopes that this plan would render the Harbour more fafe and quiet. 


The Committee further mention it asa general opinion, that another fluice. would be 
found neceflary to fcour the upper oF northern angle of the ealt pi gyand: therefore 
recommended that a fluice{fhould be made from the angle in the oldpier, torbe carried 
through the work yard to the end of the carpenter's fhop. ~ 


It may here be proper, before we go on further, to advert to the ftate in which the 
Harbour really was previoufly to the trial of the Mluices : indeed, it was fo bad that do not 
find any: memoranda have been preferved Of its condition. I mutt therefore mach to the, 
ftate in which I found it at the time of my furvey in 1774. At that time, in the very 


centre of the outward Harbour the {and was accumulated to an elevation four sae i 
7 ie 























‘ten feet water 
1 at there was No water 
Tittle within the pic: 
t ay between the heads, 
h for large yeflels (could they 
y high ‘fo thao the third angle, which 
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we muft conjecture how 
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e effeéts of it to be amazingly 
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Ps mouth great quantities of 


nett, which, a8 already 
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‘were firft brought into ’ 


Tetos. | 
able length of the foundation dug, and the ftone work itfelf begun. Me alfo left direc- 


tions to run the fluices once in 24 hours, and ordered the chalk that had been forced u 
by the running of the fluices, to be laid under the crofs-wall to fecure its foundation. Tee 




























Obferving now, that a prodigious quantity of filt accumulated in the bafon or upper 
harbour, and that the clearing it would make it vaftly more commodious for * thipping ; 
by way of experiment he ordered the fluices to be put down at low water, and 4 ‘ 
fluice only fhould be opened about an hour before high water; forsit was i 
the agtion of is water ounce into the empty baleny, would ftir up and gehen 


one 


or eight men fhould attend at the running of the fluices, to fhoyel down the { 
current, when the water was fafficiently down to admit thereof : 
yt» f 


1781, Committee’s report, Auguit6th.—The worka { 
completed, a new channel was ordered to be dug through the fand from the fixth fice, : 
and a couple of barges to be laid, fo as to direct the water thereof through the channel a 
In a few times running, it was found that the bank was confiderably decreafed, a 1 d that 
the water of this fluice flowed fo high as tooyertop the conduit wall, f 
the operation of the fluices there appeared the greateft reafon t 
fluices, and particularly the laft, would be effeCtual.in cleanging th 


From this era Ramfgate Habba, began to put off that forlorn a 
fitory,of mud, and to aflume one more refpettable than it done 
and the truftees feeing that they were now become c { 
ward harbour, and finding the great utility of the an, tumed he mind 
the clearing of that from the fullage gathered therein; for which vario 
prefented themfelves ; viz. Firft, the barges to be filled at a price 
done in ate outward harbours Secondly, the fullage to be 


it out as manure: Fourthly, the barges to hed 
by day works: Fifthly, the barges to, be 
upon the bank of fullage at low wal 

labourers being employed to throw down 
then the moft practicable fchemes, 
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dvexar Mr. Barker, the water 
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ceedingly ftrong beyond the mouth of the 
cen ee ae 
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bank of fand extending eaftward of the fourth 
nt of the water to 
t during Mr. Barker's 
the effe@ts of it to be amazingly 
rely cleared away the fullage within 
us mouth great quantities of 
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aft fide of the Harbour, which, as already 
ered the digging for the foundation of 
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able length of the foundation dug, and the ftone work itfelf begun. Te alfo left direc- 
tions to run the fluices once in 24 hours, and ordered the chalk that had been foreert up 
by the running of the fluices, to be laid under the crofs-wall to fecure its foundation. ” > 

































Obferving now, that a prodigious quantity of filt accumulated in the bafon or upper 
harbour, and that the clearing it would make it vaftly more commodious for * thipping ; 
by way of experiment he ordered the fluices to be’ put down at low water, and that one 
fluice only fhould be opened about an hour before high water; forsit was fuppo' ed tha j 
the aétion of the water iM{uing into the empty bafon, would ftir up and loofen file! 
as to facilitate its getting out when the fluices a€led in the contrary dire@tion. Thee 
riment was twice tried and found to have fome effect ; but the power of the water feen 
to endanger the foundation of the wall, he found it more advifeable to order that 
or eight men fhould attend at the running of the fluices, to fhoyel down the tot 


current, when the water was fufficiently down to admit thereof 


1781, Committee's report, Auguft6th —The work. at | being now 
completed, a new channel was ordered to be dug through the fand from the fixth fluice, 
and a couple of barges to be laid, fo as to dire&t the water thereof through the chi 
In a few. times running, it was found that the bank was confiderably decreafed, 
the water of this fluice flowed fo high as to overtop the conduit wall th 
the operation of the fluices there appeared the greateft reafon tob ¢ 


{luices, and particularly the laft, would be effectual in cleanfing the: 


From this era Ramfgate Harbour began to put off that fore a 
fitory,of mud, and to aflume one more refpectable than it had done fo 
and the truftees feeing that they were now become competent to th ng 
ward harbour, and finding the great utility of the bafon, turned their mind | 
the clearing of that from the fullage gathered therein; for which | arious” 
prefented themfelves ; viz. Firft, the barges to be filled at a price per 
done in the outward harbour: Secondly, the fullage to be taken 
carts: ‘Thirdly, a premium of three-pence per - load to be offe 
it out as manure: Fourthly, the barges to be filled by 
by day works: Fifthly, the barges with 
upon the bank of fullage at low wate 
labourers being employed to throw down | 
then the moft praéticable fhemes, 
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Vor. III. 





was likely to be a work of expenfe, it would be proper not to lay more purthen upon the 
ae Act ? a > truft, in the whole, than neceflary 5 and therefore that it would ie eli ; 
So y * aaa of ground for a ftorehoufe on leafe to private adventurers, under certain reflrictions 
i that with refpeet to the dock, it would probably require that care and caution in consti ae 
tion, as not'to make it eligible to be tru(ted to private execution. 
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lie in the bafon with the greateft cafe and fafety, and that ina confiderable number: and 
fays, “ ‘hat in the courfe of laft winter and {pring, property to a very large amount had 
eyed, as feveral large fhips with valuable cargoes were brought in and taken 
care of. Z “argo of one large fhip only being eftimated at £35,000. ; and that under i 
Pravidence, vs been the means of preferving many ufeful lives to their families, eos 


been 
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1784, Ramfgate § Tuly.—From Mr. Barker’s report upon this Vifitation it “app 
that anew dock ber: rmined upon by the truftees to be built according ba 
Smeaton’s plan, it was unmediately begun ; and Mr. Barker laid the firft {tone Sul Ty 
and the workmen were direéted to proceed vith all Egle expedition *. 

On this vifitation, Mr. Hurft the m 
was fufpended:: this was attributed to a ft he had had two, yea 
old fervant, from the firft_ commencement the, work under 
confidered as aman acquitting himfelf well e 


> 
to allow him fomething by way of fubfiftence. 


commended inftead of Mr. Hurft, as mafter mafon, and Mr. Speers to be his foreman. 





Mr. Cull nett his S foreman ‘was re 


Mr, Cull being confulted by Mr. Barker, recommended that the 
wall’of the dock fhould be increafed by two feet ; 5 and to build 


higher than they had been fet out in Mr. Smeaton siplan, to which 
the floor, they apprehended no, difficulty in making it © fton€ 


jection, With refpect to 
like that of the gates; thinking it more eligible than of wood, as b ing. 
=. > e an 


and not fubjegto 1 the worm, = whe es 


Mr. Barker had the great fatisfa8ion to find that both the. Outward har 
had been greatly improved ; as the channel under the eaft pier had bee 
dened and deepened : and the {ullage of the bafon, being now € a 
down, betwixt four and five feet srt had been pained at the | 


During this vifit at Ramfgate, in om a wind 9 
Barker had an opportunity to be oven 
* Here it may be proper to obferve, that had 


probably have taken the whole of this feafon to have c : 
fingle {tone could have been laid; but it was thoughteproper to, 


~ lines, exclufive of the floor, a “as 


“gs 
a” € 






ote | 


the harbour was now ins, Porhat it was before the welternmoft part of the crofs wall was 
taken down, and the opening made through the weft pier, as has been deferibed. ‘The 
new {torehoufe now built by direction of the truftees, he found to be a ftrong and com- 
modious building, convenient, and every way adapted for the reception Of goods ; as fhips 

~ of 400 tons could range up clofe under it, and unload their cargoes with the greateft 
facility. a ee pr 





17855 Ramfgate, 5th Auguit.—On this vifit Mr, Barker reports that the dock was 
in great forwardnefs ; for the walls were built up twelve feet highy and that 3065 feet of 
pavement had been laid at the bottom. ‘That the gates were made, and ready for hanging ; 
and that the whole feemed to be an exceedingly good piece of workmanfhip ; and that it was 
likely tobe ready for ufe by February next.. He notices that the worm prevailed much 
here, and ate’the wood work of the-fluices to fiech a degree, that he recommends every 
part to be of flone that can be. 

_ He had the pleafure to find every thing in an impYoying ftate 5 and that the encomiums 
which he thought it only juftice to beftow upon the harbour the lalt year, had been more 
amply confirmed by the appearances in this. He fays the whole body of fullage in the 
outward harbour was certainly confiderably diminifhed ; and the channel under the eaft pier 
improved and widened, but {till not to that extent to fatisfy his wifhes ; or that was cx- 
pected from the united waters of the fifth and fixth fluices ; however, as the widening 
of this channel was of important confideration, he ordered two of the barges to be 
laid clofe inthe channel 5 and ten or twelve men to fill them, as had formerly been done 
before the fluices were brought to aét. . It was however obferved to him by the ablet 
pilots and feamen beft acquainted with the harbour, that it would not in reality be well 
to have the whole bank of fand taken away from the eaftern fide of the harbour; and 
they put a cafe, that fuppofing the harbour quite freed of this bank, anda fhip coming in 


: in a hard gale of wind, without anchors and cables ; if there was nothing to bring her up, 
= | ‘fhe would be liable to be driven againft the walling of the piers, and be knocked to pieces 







fore {trongly urged the neceffity of haying a bank on the eaft fide of the harbour 
1 fhips might bring up. 


7 notices that it had been (and not long fince) the reproach of this harbour, that it 
never could be made capable of receiving any thing but {mall veflels; but that now it was 
capable of fheltering almoft any merchant fhips (Ealt Indiamen excepted); and as a proof 
of it, a fhip which was faid to be of 800 tons, took refuge in the channel of the eaft pier 

* Jaft winter, and lay in the faid channel for two months; and a large Norway fhip, called 


the 


| oageor oal 


the Ebenezer, with upwards of 30,000 deals on board, got upon the Goodwin fands, where 
her ma(ts and rigging were deftroyed ; yet fhe was neverthelefs gouolf by the Ramfgate 
boatmen, and brought into the charinel of the outward harbour ; though fo water- 





logged fhe actually drew eighteen feet anda half water; and ina gale of wind 
that bi lately, about go fail of yeffels, Englifh and foreign, with’ valuable cargoés, 

of which having loft their anchors and cables in the Downs, had been 
I brought into the harbour and bafon, where they had every neceffary 
affitancess 4: shich were then unloading their cargoes into thesftore-houfe, being 
leaky and muc. 1, Indeed it was, he fays, now generally admitted, that within a 
very few years, harbour had been improved,-to a degree, even beyond: what its 


warmelt friends and promoters ever, exr ted, 


1786, Ramfgate, sth Augult,—“ 28 jarker thinks it proper to. acquaint the Board, 
that the dock is built, andiis an exceeding neat piece of architeéture,5, but the water unfor- 
tunately rifes up through the pavement, a great part of it having been heaved upand 
loofened.  Avdifagreeable cireumftance, equally-unforefeen as unexpected.—It.is now 
perceived that there are natural f{prings which rife in the bed of the dock; that thefe, 
with the great weight of water in the bafon, when it is fhutin, united, have been fo 
ftrong in their effet as not only to break through the cement, but haye:im many 
places broken the paving ftones; @ circum(tance ‘very mortifyingy:atter fo much’ pains 
have been beftowed upon it? Mr. Barker, in confulting with the mafter mafon upon 
the moft probable means of preventing the waters rifing, was informed that twenty-three 
yearsago anew dock had been built in the King’s yard at Plymouth ; and when fhutin, 
it was found that the water rofe up in the bottom, and loofened the pavement fimilar (0 
what had happened here 5 and that no other remedy could be found but new Jaying the 
floor with heavy Portland blocks, which method Mr. Barker recommended to the Board: 
to be taken at Ramfrate.—He fays, It is propofed to take up the»prefent payentent,. 
and lay down large blocks of {tone three feet by four, and two feet fix inches deep each 
fkone to be one ton and a half; and that the mafter mafon is, firmly of opinion, the meet 


of thefe blocks will effectually preyent the water from rifing, and keep the dodkadty. 


The ftone thérchantsat Purbeck on being immediately written to by the ea returned: 
an{wer, that they were not able to make {tenes to the dimenfions required, but ecole 
mended ftones of a lefs bulk ; butias that would intreduce more jom's and, other. difad- 


vantages, Mr. Barker took the mafon’sadvice, in having them ordered from Portland: 
°o 


Mr. Barker had the higheft fatisfaction in informing. the Board, that evempgmear MOTE 
and more demonftrated the utility of theharbour, as was manifeft from the great sagt 


f ma] 

of fhipping that in the coutfe of the laft winter had taken fhelterin it, and the number of lives 
preferved. He mentions the following fads ; a large Swedith fhip ran upon the Goodwin 
and parted 3 two Ramfgate boats, at the hazard of their lives, brought the crew, confifting 
of the captain and twenty men, fafe on fhore from the wreck *. In December laft, eleven 
fhips, allof which had loft their anchors and cables off Dungenefs, and feveyal of them 
otherwile damaged, were brought into Ramfgate by Dover pilots; and the.day betore 
Mr. Barker left Ramfgate, a Hamburgh fhip ran upon the Goodwin, ar the captain and 
crew deferted her; but fhe was got off and brought into Ramfgate by two boats, one of 
Ramf[gate and the other of Deal. She came into the bafon and deiivered her cargo into 
the ftorehoufe (eftimated at betwixt 8-and £9,000), till the repaired, 


1787.—ThePortland blocks being got with readinefs the work of the floor was vigoroufly 
pwhhed during the winter and {pring ; fo that it was completed early in the fummer, which 
being notified to the Board, orders were fent to the maiter mafon to put the work to a trial. 
In confequence, Mr. Cull’s letters of the 3d and 7th Auguit, acquaint the Board, ‘ that 
agreeably to his orders he had fhut in the dock, when,to his great.concern and furprize, 
and that of, prefent, by the time it was high water, the greateft part of the pave- 
ment wear dyed, and hove up; and what-was yet more aftonifhing, nearly 100 feet in 
length of ‘the north wall was hove up alfo. 


Ramfate, 2ad of Auguft.—Mr. Barker on his vifit, taking the affair of the dock 
into ferious confideration ; that the harbour being now become very ufeful to commercial 
navigation, and that numbers of veflels took fhelter therein in winter, for the purpofe of 
repairs ; the dock mutt certainly be not only an ufeful, but a neceflary accommodation ; 
and confidering that a large fam of money had been already expended thereon, he judged 
it proper to engage Mr. Smeaton to come down with Mr. Aubert to examine it, and if 
poflible, to contrigeaieeag method to render it ufeful. 


In confequence, Mr.. Aubert and Mr, Smeaton arriving, the gates were ordered to be 
fhut at low water 5 and Mefis. Barker, Aubert, and Smeaton attending the rife of the 
oe Smeaton’s report to the Board of truftees contains the following account : “« The 
tide rofe that day to the height of thirteen feet four inches upon the apron of the gates of 
the dock ; but before it had rifen two feet, it begun to {pring through feveral joints of the 
ftone-floor, which had been laid with folid Portland blocks of two feet and a half in thick- 
nefs, in fathion of an arch ; and which, to all appearance, had originally been fufficiently 


% It is proper in this place to remark, that the Ramfgate boats lic conftantly afloat, ready to put off at a 
sninute’s warning ; had this not been the cafe in that critical moment thefe unfortunate men would have perifhed. 


well 


[113] 


well jointed, and indeed the whole building in point of workmanhhip, as a piece of mafonry, 
had been done in a very mafterly manner. 


«© As the height of the tide increafed upon the apron, the leakage through the joints of 
the floor gradually formed a greater depth of water upon it, fo that when it was high 
water upon theapron, there was a depth of five feet three inches upon the floor; and we 
obiervec;jilat whe, the tide was rifing, the joints of the fide wall, on the north fide next 
the bafon, apparentl)opened, fo-as in fome places to let water through the wall; but in 
far lefs quantity than appeared to rife through the floor *. Every thing being left ftanding 
when the tide had cbbed, fo as to be upon a level with the water within, its deptlr upon 
the floor was feven feet two inches.” 


« The caufe of thefe derangements, was*doubtlefs owing to the preflure of the water 
under the bottom, endeavouring like a veflel fwimming in the water to buoy it upwards; 
and which, in the circumftance of only eight feet difference of preflure (which in this'ex-- 
periment was the: greateft) would"amount'toroco"tons upon the aréa of floor. “This 
power acting upwards, would indeed be the fame, whatever material the floor was com- 
pofed of ; but from its conftruétion, as an arch of {tone laid very, flat, its lateral prefflure 
would, inthis cafe, be much greater than the abfolute weight of the wall upon its bafe ; 
and therefore no wonder that it fhould fhove it outward; and that theveffects “thereoP 
fhould be perceived by breaking the joints, of the fide wall, as has been mentioned?” 


< He thinks it neceffary to ftate to the Truffees, that this failure has not been owing to 
bad materials, or bad workmanfhip, or to taking a method in itfelf bad, but fonly become 
fo, by the conftruction not fuiting the fituation and foil; for had the ground whereon 
the dock was founded been a ftiff or moderately compact bed of clay, or arock, either | 
hard or foft, that would not have fuffered fprings to percolate through its pores; the dock 
built as it was, or even in its firft ftate, would doubtlefs have fucceeded ; but it was the © 
circumftance of there being fprings iffuing from the area of chalk, on which the floor was 
laid, that has occafioned the mifchief ¢.. And in this refpect a wooden floor, according to 
the original plan, would have been the eligible expedient, as it would haye been Sige She 
the upright preffare only, and not to a. much greater lateral preffure as in ftone arches. 


® The Committee’s report mentions that the joints of the pavement, or more properly the caping,of the wall, 
had opened one-third of aninch, though the wall itfelf was fourteen feet thick at its bale. 


+ As Tobferved a confiderable flream of water iffuing from under the apron at low water, I ordered 
water to be drained therefrom by a chain pump, and found that this {pring (which was falt) vented at the rat 
of 160 barrels per hour, which vent expofed the bottom to the aétion of the tides waters. ae 
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‘The Committee’s report ftates that it was Mr. Smeaton’s opinion, that the whole bottom 
the dock, as alfo the greatelt part of the north wall, are fo greatly deranged and dif. 


jointed, that it will be neceflary to take up all the pavement and take down a great part of 
the north wall; and that, to render the dock fecure and dry, the bottows muft be laid 


up 


on a different principle, and with a different material ; and the wall iff? ~ dee 0) 


piece of mafonry; ten or twelve feet thicker than it is at prefent, for whic) © = ¥« 
, to make the proper defigns. Accordingly, the men were immediate!) “ereu tw vegin to 
~ take the wall down. 


. 


m 


current and body, as to make its way into‘! 


Ra St 


“Every thing elfe was found ina-way of doing its bufinels, athe uwering its end ; and 


ing | 0 the running of the fluices, i eas feen that the water ran with fo great a 





©, apparently half a mile beyond the mouth 


ee “of the harbour; but yet Mr. Barker's fay ue wilh of widening the channel under the 


ea 


ft pier to a yet greater extent, induced Mets. Barker and Aubert to take the opportunity 


of confulting Mr. Smeaton upon that head alfo ; and he recommended it to the truftees, 


8 


build another fluice to the eaftward of the crane, and by uniting its water with that of 


‘ the fifth and fixth, the whole would have an increafed effect, not only in cleanfing, but in 


Mefits. Barker and Aubert,’attentive to every thing that might conduce to the improvement 


of the harbour, made ufe alfo of this opportunity in having Mr. Smeaton’s Opinion upon 

‘a point fo very material and critical, that before the erection of the fluices, it could not 

” have even been thought of ; and that was, that though by the opening of the welt pier, 
much good had been done towards quicting the harbour; yet asin very hard:gales of 
north-eafterly and eafterly winds, the harbour was {till liable to a greater agitation than could 
be Wifhed, a complete remedy was greatly defirable. And finding that the feamen and 
pilots of Ramfgate had formed an opinion, that a wall or pier extended out from the eaft 
head to 350 or 400 feet inaproper direction, would greatly tend to keep out the fea, and 


e 


quiet the harbour 5 this propofition was laid before Mr. Smeaton, and he was ftrongly 


P ‘and clearly of opinion, that fuch a work would render the outward harbour {till more 


be apprehended. 








and that if another fluice were built it would, together with the good effeéts from it, 
pofed, countervail any. difference that might arife from the more wefterly direc- 
=e harbour’s mouth, to take in filt, which might (not without reafon) otherwife 





oe ita m 
It appeared to the Committee, that in® the courfe of laft winter, no lefs than fixty fail 


‘of thipping had been fheltered in the bafonvat one time, many of them brought in without 
anchors and cables, and otherwife much damaged, and obliged to unload their cargoes to 


% be 


[oma 
be répaired ; and that Mr. Rowe the pilot had aétually carried a thip of 500 tons directly 
into. the bafon. y 
The preceding proved to be the lat report of John Barker Efquire, who, with great 


affiduity, atfention, and perfeverance, had prefided over the execution of the Ramfgate 
gate 
works for nealy twenty-eight years. 


SECTION VIII. 


PHE unanimous vhoice of Alexander Aubert Efquire, Chairman,in Autuma 1787 ; 
and the fubfequent tranfaétions down to the prefent times 


IN confequence of Mr, Barker’s death, which happened the r{t day of November, the 
truftees were unanimous in requefting Alexander Aubert Efquire, to take the chairs 
which having been done, the gentlemen obferved, that from the fituation of Ramfgate har. 
bour, and the very great ufe iv has already been to fhipping, there was no: doubt but it 
might be made of the utmoft utilityto commercial:nayigation ; but as yet there remained 
a great deal to bedone, and many works to be carried forward to bring it fo that flate of 
ufefulnefs and perfection it was capable of ; and confequently it being an affair of great mag- 
nitude and importance to the public, it required the con{tant care and attention of a gentle- 
man of abilities and refpeétability, therefore the Board in the fame unanimous andvearnett 
manner, requefted Mr. Aubert to take the lead in the management and direttion’ of the 
bufinefs and affairs of the harbour, and every thing relative thereto; to which requelt 
Mr. Aubert politely affented, at the fame time requefting the gentlemen to affift and fup- 
port him in every meafure tending to the benefit and public utility of the harbour. 


Mr. Aubert being elected chairman of the Truftees of Ramfgace Harbour, a vifitation 
was appointed, and the chairman to be attended by the fecretary and Mr. Smeaton, and 
they arrived at Ramfgate at Chriftmas this year. — 


The firft object of Mr. ‘Aubert’s attention was to render the Harbour perfect 
quiet; the utility of it in its prefent ftate could not be more evidently proved than by 
the great number of veffels that had taken fhelter therein*, It proved a hard gale of 
wind at eaft on Chriftmas day, fo that Mr. ‘Aubert was himfelf witnels of the effets thereof, 
and {aw that a great degree of agitation prevailed in the outward Harbour, beyond what 
before he had a conception of; he therefore affembled and confulted fome of the ableft 
and moft experienced pilots, upon the propofition mentioned at his laft attendance at 

* ee eS, Bey eS informed that above 70 veflels had been in th 
at once, fince they were there in Auguit lait, the greateft part driven in by diftrefs of weather; fome of them 


were of 350 tons. 


Qa Ramfgate, 
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Ramfgate, and they all agreed that there was an abfolute neceflity for fuch a work bein 
carried into execution ; and that if a pier of 350 or 400 feet were carried out in a Prooek 
dire€tion, it would not only keep out the heavy fea that now tumbled in in hard gales of 
wind, and make the Harbour more fafe and quiet, but that the coming into,the Bighour 
would in reality be more fafe and eafy. For they obferved, that at and ge ich watey 
the tide runs brifkly from the weftward acrofs the Harbour’s mouth : 
the fhips and veffels thatintend to make the Harbour to come down “om t= vvelts 1; 
if'a pier were extended in a proper direction, they, would then ogie Yeh atong with Hie 
tide, and with mote facility than at prefent. The only thing %« Appeared to them in 
the thape of a doubt or a difficulty, was, whether the Harbour could be as effectually 
cleanfed'from fil; that is continually broughe™, as it now is *? ‘To which Mr. Smeaton 
mi anfwer, that before the eftablifhment o b> bafon and fluices, fuch a work could 
Tot have been thought of; but there was now fo great a power of backwater, which 
"could be increafed as already intimated, if there were found occafion ; that if the work pro- 
poled would not leffen the facility of the entry, which in their judgement it would not, he 
would be anfwerable to keep the Harbour to as great a depth, and as clear of filt as it now is. 


_ Mr. Aubert coficluded his report to the Board, with obferving, “ that the «works 

of Ramfgate Harbour have, for a feries of years, been carried on without the affiftance 

_ or direétion of any engineer, or even a refident furveyer t, one or two occafional con- 

fultations excepted ; and in thofe particular cafés the plans of the engineer were only in 

lopted. It therefore feemed to him, that in works of this nature and magnitude 

it was of great importance to have an able and fkilful engineer; who uniting the powers 

of mechanifm with a thorough kriowledge of the materials, fo as to apply them to the belt 
advantage, Might rationally be expected to be the means of faving many thoufand pounds 

and give durability to the works; and is confequently defirous of being guided by { : 

_ profeffional man in that line.” a _—" 


_ “Upon thefe confiderations Mr. Aubert has no doubt but the Board fee the neceffity of 
employing conftantly fome able engineer in the defign and conftruction of their future 
and therefore as Mr. Smeaton has already been employed occafionally by the 

puby feyeral of the executive Boards under government, and is well known 
! BSE Sep ieonal charaéter, Mr. Aubert is perfuaded the Board will approve 


*Mr brag Aetch of an advanced pier was then laid before them, 


‘4 Mr. Etheridge was the only perfon 1 cum ‘i 
fervice terminated with the year 1754 emer SE crrasigy exseptoccatonally, and mot 


of 
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of his being requefted to take upon himythe guidance and refponfibility of the engineering 
part of the works. But although Mr. Smeaton may be induced to go down to Ramigate 
periodic lly, and to furnifh every neceffary plan, as he cannot upon any confideration be 
refident upom the {pot; itappears neceflary, that he may be made refponfible for the pera 
£ his plans, that he fhould have fome experienced refident furveyor, in 

confidence; and fuch a one, in cafe the Board fhould think proper to 


emplo: a5 wefident furveyor, he is enabled to recommend in the perfon of Mr. 
John Gwyn, whe en employed twenty-feven years under Mr. Smeaton’s direction as 
deputy furveyor; e*! wno during that whole period has given him’ the greateft fatisfac- 


tion in the execution of feveral capital works,*”” 

In confequence of thefe recommendations Mr. Smeaton was unanimoufly chofen engi- 
neer, and Mr. Gwyn refident furyeyor. 

. . a Pad 

Being now entered upon my offiée of engineer of Ramfgate Harbour, it may. be fup- 
pofed that in carrying forward the account of the tranfadions thereof, Tam no longer 
under the neceflity of drawing my materials chiefly from written documents, but that I 
may in my own perfon carry on the narrative; and this I am the more inclined to do, as 
I can ftate my own remarks on perfons and things with much greater brevity. 


1788.—In April I attended the chairman on his firft vifitation, accompanied by the 
fecretary. At this time the whole of the north wall of the dock was taken down and the 
area cleared, anda confiderable progrefs made with the timber new floor. Upon this vifit the 
chairman fully opened and explained his intentions to us, the principal officers and artifi- 
cers; viz. That though the reconftruétion of thé dock was with him a great object ; as 
when completedit would be of very greatutility and Accommodation to thofe who aye driven 
into the harbour by ftrefs of weather ; yet he could not confider it as the primary object 
to which we ought to bend all our powers, It appeared to him, that the rendering the 
harbour a place of quiet and fafety for the fhipping, was to be thé thing aimed at, and 
endeavoured to be atttained, im preference of all other confiderations. That therefore the 
works of the propofed advanced pier were to be puthed, at the fameltime that thofe of 


the dock might be carried on whenever it could be done without retarding the primary 


object ; and with this view he ordered an additional number of workmen. 
i Smeaton} viz, the Calder Navigation, 
* Mr. Aubert Specified the works executed by Mr, Gwyn, under Mr. m5 : 
the Bridge of Perth, the Harbour of Portpatrick, the Pier of Aberdeen, the Pier and Harbour af sear” 


and the Drawbridge of Hull. i 
On 
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On this occafion I took the liberty to recommend, that myfelf accompanied by the two 
principal artificers, Meflrs. Gwyn and Cull, fhould vifit the ftone quarries of Purbeck and 
Portland, to fee and examine their prefent ftate and produce; and alfo more efpecially 
fo examine the limeftone quarries of Lyme in Dorfetfhire, as 1 had been informed tha: 
the true Lyas limeftone was to be had there ; and which, if fo, was likely’to prove a 
yaluable acquifition to thefe works *. ‘This journey having bean made, ip-canfequence, 
the-ufe of this valuable lime has been eftablifhed here and continued ever fince, 


The chairman on examination found that the bafon was kept clear of filt, by the ufe of 
the horfe-dredges or drugs, and the channel under the eatt pier improved ; there being 
now good eighteen feet water at a middling tide from the harbour’s mouth, up to the ftairs 
neareft the town, and the fullages of the whole harbour vifibly decreafed fince Chriftmas, 
by the frequent running of the fluices. 


Our fecond vifit was in June, at which time the labourers were diligently employed in 
getting up a large quantity of itones that had been thrown in to fecure the pier head, as 
mentioned in the year 1774, which it now appeared were neceflary to be removed in order 
to clear the foundation for the advanced pier. But as it feemed dubious whether they 
could all be got up in nine and ten feet water by the ufual method of tongs from the 
barges; this occafioned me to turn my thoughts upon a diving machine I had formerly 
made ufe of with fuccefs in doing works confiderably under water. 


‘T had fearcely returned from this vifitation before a requifition came to defire the ex- 
pedient I had mentioned might be got ready, which was done with fuch expedition, that 
T fet forward for Ramfgate the 6th July in order to put it in ufe; and the 12th left 
Ramfgate, after a full trial of the diving cheft, and the certainty of fuccefs f. 


With this machine, which enabled the workmen (or divers) therein to ftay under 
pater any length of time at pleafure, thar is when the wind was moderate, that the 


eh: Rei ee 
: o eepot at this ai imagine this lime had ever been ufed in thofe works, as appears to have been done; 
‘underflanding its merits, was now grown into difule, 


+ Tnftes ‘of the ufual form of a bell or of a conical tub of wood funk by weights (externall i i 
mnie = e ly applied), this 
eS i gg helt of caft iron; which being 50 cwt. was heavy enough to Aenea and 
a eee 4 Bue 4 ead Tength, and three feet wide, afforded room fufficient for two men at a time 
influs of freth air, wi : prea Peeuliar to this machine, that the men therein were fupplied with a conftant 
nflux of freh air, without any attention of theirs; that neceffary article being amply Supplied by a forcing 
air pump, in a boat upon the water's furface, 


boats 


boats conld attend , im the courfe of that and part of the following month the foundation 
was cleared ; * and the tools for levelling of the ground, the fame that were originally, 
invented and applied by the late ingenious Mr. ['theridge, were now put in ufe, under the 
management of Mr. Cull the mafter mafon, who had formerly been employed in that part 
of the bufinefe; it being the Chairman’s with, as beft for the work, that every thing 


fhoul le fame method as originally practifed. 
Soon after ov ‘n. from the June vifitation, Mr, Aubert having had the misfortune 
to break his leg t 1 off his horfe, could not attend the third vifitation of this feafon ; 


put I attended the ivcretary to Ramfgate ; and the third.of September we were prefent at 
the finking of the firft caifflon of the adyanced pier, when every thing was carried om 
with regularity and fatisfaction ; as mug tional {tone being built therein that tide, as 
would prevent its being afterwards moves ¥) the fea; and the next day it was got up to: 
its height; that is, above the low water mark of ordinary neap tides, 


The piling of the dock’s bottom was alfo now confiderably advanced, and feveral of 
the double beams of the floor were laid, and every thing going on to fatisfaétion. 


The Chairman being recovered, attended the fourth and laft vifitation of this year. His 
report thereon bears date rsth November 1788, It notices that the gettiag up of the ftones 
(fome of them in 12% feet under water), which from the circumftances had become a 
work of abfolute neceflity, had been fuccefsfully performed ; and alfo the finking of the 
caiffons of which he had the pleafure to find four in their places, and built up to their 
He alfo found that the fifth and fixth caiffons with 
their materials were all in readinefs.;. yet obferving the effets thatthe fea had had in @ 
gale of wind the night preceding, it haying torn away one of the wooden fides of th 
fourth caiffon, he confidered that the feafon was far advanced; and confulting the engi+ 
neer and principal officers, it was unanimoufly agreed, that it would be imprudent to at- 
e caiffons at prefent, but rather to do what would be likely to 
{tpone the further progrels 


proper neap tide low water height. 





tempt to fink any mor 
fecure what had been done as foon as poflible; and then po 
till the fpring. ‘ . b 
‘The floor of the dock being ina ftate of forwardnefs, above half of the ground timbers 
being laid, the Chairman ordered that the men fhould be employed in that work as mucly 


ing the foundation ; and that about 


* d that about 160 tons of ftones had been got up in cleari 
Tt was computed that a) ae ae 


yoo tons thereof had been raifed by the diving machine, many of above a ton ca 


would doubtlefs have beeit the lofs of the feafou, ae 
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as they could be dusing the winter feafon ; but that the primary object might be kept i 

view, Mr. Aubert recommended, that carpenters be employed in preparing and i. 
more caiffons ; and that a proportionable number of mafons be preparing the ftone Fe 
the fame, fo that the works of the advanced pier might commence again, and be aie 
on with vigour, as early as weather would permit the next fpring. “s 


The Chairman further reported. to the Board as follows; ‘ that thitre is -abways a 
light put upon the head of the welt pier at night, asa direction and guide for veflcls ead 
boats, coming in and going out of the harbour; and alfo that a flag is hoifted on the 
north welt cliff, when the water rifes to ten feet at the gates of the bafon; and continues 
Aying (in the day,time) till the ebb reduces it below that depth, as a fignal for veflels ib 
the Downs; but as bad weather and gales of wind naturally happen in the night, as well 
as in the day, and confequently fhips and veflels may meet with accients from, ftrels of 
weather, or from other incidental caufes, and be defirous of running for the harbour for 
fhelter, ee veflels perhaps not knowing the depth of water in it, are reftrained from 
erampting to make for the harbour, when they might do it ; Mr. Aubert therefore thought 
it advifeable to call in fome of the moft experienced pilots; who unanimoufly agreed 
that a double light always put upon the head of the weft pier, in the night, when bere 
fhall be tén feet water at the gates of the bafon; the additional light to be elevated about 
eight or ten feet above the prefent light, and fufficiently {trong and luminous to be feen 
in the Downs, would be of great utility, as the double light would be a fignal, denoting 
teapatess of veflels that they might make for, and enter the harbour with fafety.” 
Ce... lac ag r tides aesved) diretted the water to be fhut in the bafon, and 
ee an f Ss ad the fatisfaétion be obferve, that they continued to operate 
meni a - power ; as he perceived the water, with a rapid and ftrong 
* a big ita a ae way beyond the tranfport buoy: and that by working 
hoa * faith ng the fluices sie id at the {pring tides, the bafon is kept clear 

“CS e had likewife the pleafure to inform the Board, “ that the channel under the 
e Eis confiderably widened, that it can receive and fhelter a great number of fhips 
eee Bes, - si oe water is confiderably increafed, and the whole harbour 

ee 5 that there is the greateft probability in the courfe of a few 
VAexs, ‘ome a place of the greateft conféquence to the commercial navigation of 





- tad 
@ Mr, Nubert eben ‘ 
a ae ae the opportunity of again affembling and afking the pilots their 
relpecting the advanced pier, and they profefled the fame belief of its beneficial 
confequences, 


(enti... | 


confequences, in quieting the harbour; they likewife obferved, <* that the prefent ufual 
and fafeft track, for veffels making for the harbour, is to come in from the weltwardy 
and that when the advanced pier is completed, veffels will then (as now) come in right 
before the tide ; and in all probability, with more eafe and fafety.” 


1789.—Tbe Chairman's firit vifitation to Ramfgate this year, was in March, and we 
arrived there the rath. The 14th the fheet piling inclofing the circumference of the dock 
floor, was clofed in ;-all the beams having been previoufly laid. 


With refpect to the works of the advanced pier, the caiffons were in fufficient for- 
wardnefs, but it was yet too early in the feafon to attempt any thing at that: it had beem 
built upon and fecured, fo that no damage had happened to it during the winter. The 
Chairman therefore contented himfelf with examining the ftate of the works, and giving 
the neceffary direétions, that every thing might be in forwardnef§ as foon as the feafon 
became favourable, 


The fecond vifitation was the latter end of May. We then found the floor of the dock 
laid, and the mafon-work begun: but that Mr. Gwyn the deputy furveyor, being afflicted 


with an abfcels, was unable to attend at the yard*. 


The works of the advanced pier were now going on, and four caiffons had been 
funk this year (making eight in the whole), and others forwarding. Upon this journey 
we vifited andlanded upon the Goodwin Sands, to have a view of them and examine 
their nature; and found that though of the nature of a quick fand, clean and uncon 
neéted, yet the particles laid fo clofe, that it was difficult to work a pointed iron bar into 


the mafs, more than to the depth of fix or feven feet. 


ative heights of different parts of the 


On this vifitation I took feveral levels of the rel : 
y examined the lighthoule, as relative 


works compared with the bottom 5 alfo, particularl 
to the Chairman’s laft propofition to the Board. 


In Auguft the truftees affembled at Ramfgate, on a general annual vifitation, and the 


24th, reported as follows: 


« Your Committee proceeding in their furvey, ordered the water to be fhut up in 


the bafon, and have the pleafure to in 
areal lofs to the public, as well as lamented by his 


* OF this he died in the courle of the next month; oe 
family and friends, s as 
Vox. Ill, R x 


form the Board, that by running the fluices three 








* 
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On this occafion, I had the honour to attend the Chairman down to thi 
the fea, upon which we could ftand, and work dry. In this fituation the Chi 







ds} 3 3 1 by all perfons acq W > that it finding himfelf perfeétly at his eafe, and very comfortable, ftaid full three quarters o 

been wonderfully i . hin rears fe tts of the hour. We found that the ground work, that is the bottoms of the caiffons, was oom 

narbour there is an increal etwoen fit | contem- fo deeply buried in fand and filt, that it would be a work of confiderable labour Bt 
s itin ) ate, and perufes t piven: at tie Houfe of it out and Malle its and as this is doubtlets the bet defence againtt the, wey a 


1 ble to the cluded it ifte ent to attempt to difturb ite having fo fully fatisfied himf 
ticability « “any length of time, and of performing any kind of 5 wo ky, t 
bounds thereof admitted, with a capability of removal almoft at leafure, v ve 
fignal for afcending, and were r¢ with great joy by our friends, whom w 
i n boats, and who by this time were beginning tbe aRES 
Rineththg might have beppeaed to e 3 

Be ah Bg! — ae 
This vifitation I took an ‘exadt plan of the welt ( ne to make 


that heads 


The Chairman’s laft vifitation of the year 1789, was November 7th. — At th 
though the weather had lately been but indifferent, yet eight s had 
fixed this year ; which, with the four funk he laft year, comp et 
as we originally had in view. The Ct airman confulti 
officers, he ‘that thofe twel¥ 1 
wall: le ¢ V hen up fer r i way to do this was to build t the fuperftr in 
fully apparent to the | e. > ae mthat i it would be eligible, rather than completin; 1 a 
a ee ‘ on with. th ) now 120/feet, that is, nearly one-third of the | 
; $ 2 pofed advane _if weathe c got up to hig e by | 
Chriftmas ; this would be fufficient to demor 
ces inalferding dd 





ry) 
ourfes 





. 
eight | 


im, “i “G: ate a aes a a a ; : ; ; ae ae from the far 


fonda se fo far appea ed 
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therefore very defirable and neceffary to be rebuilt. . This being the cafe, the Chairman 
thought it ultimately for the greateft benefit to the harbour, to rebuild it with ftone, 
and in the moft fubftantial manner, being greatly expofed: and I was ordered to 
prepare a proper defign for a ftone break-water or bulwark, for the approbation of the 
Board. Here therefore were two objets that wanted to be profecuted both at once ; and 
both with our whole force ; but as the break-water could not be more than totally deftroyed, 
Which it then was, the Chairman judged it of the moft importance, both in point of fatety 
“and ufé, to carry on the advanced pier till it was got to its height; which was done in 
the courfe of this year. 


“1790. This year commenced with the building of the break-water. Tn January many 
heavy gales at ‘Weft came on, which of cou! «tained the fhipping in the Downs, many 
“of them therefore fought fhelter in Ramfgate fiarbour, and found it in a degree never ex- 
perienced before ; fo that in the courfe of this month, there were in it at one time 160 fail, 
the greateft part of which lay in the bafon, and there was room in the harbour for many 


: more.) This affemblage of fhipping afforded a Spectacle fo new, that the people all round 


The icy enes8 I 


‘The chairman’s firtt vifitation this year was the beginning of March; but the getting 

up of the advanced pier, and after that of the break-water, having totally occupied the 

_mafons, the dock was obliged to remain as it had been left the laft fpring. The break- 

 \yater was now in a ftate of proceeding very vigoroufly ; but it being too early in the 

feafon for any thing to be done at the advanced pier, the chairman could only give the 

neceflary orders, that nothing might hinder the proceedings when the feafon was more 
advanced. 





‘The beginning of April a very hard gale of wind happened at E. S.E. and the capping 
~ courfe of the break-water not being quite clofed in, the Violence of the fea wathed ftones 
ee of one ton und a half out of their places, though every thing that had been completely 
fixed, ftood fat. This, however, fhewed us that we had not beftowed on this work more 
im folidity than neceffary, as fome had been induced to imagine. “The violence of the fea 
alfo fell fo heavy upon the advanced pier, that the extreme unfinifhed termination became 
underwathed, and cauled a fettlement of the exterior angle, which immediately obliged 
Mr. Cull to guard it with rough ftones, in the manner the original pier-head had been 
before the removal thereof ; and likewife to take fome of it down, in order to ftraighten 
“the wall. - . 





Thurlday 


[ 5 ] 

Thurfday, 27th May, the Chairman arrived at Ramfgate, upon his fecond vifitation ; 
and then found the break-water completed ; the damage at the advanced pier rettified ; 
and two caiffons, viz. the 1 3th and 14th ready to be -put down, and which were funk 
while we were there. We faw the fluices run ; examined the channel, and foundit withs 
out any «1Able alteration from the prolongation of the advanced pier. 


Tl e rath Auguft, the general vifitation of truftees took place, at which time 
the eighteenth caiffon was funk, the works examined, the fluices run, and every thing 


found fatisfactory. 


Six caiffons having been laid this year, 4 1 finding ourfelyes too late in the laft feafon, 
by laying eight, it was thought belt by th :mittee to terminate the work of this feafon, 
as to the laying down of caiflons ; and employ the remainder of it in getting the pier 
built up, fo that every part might be feafoned before the winter and heavy gales come on : 
and as there would now be full 180 feet of the advanced pier laid, this, when, raifed to its 
height, would be an effeétual trial of the ‘utility, effect, and validity of this work, 


The Committee had the fatisfa&tion to obferve a very vifible alteration in the width of 
the channel under the eaft pier, which had been chiefly brought about by the running of 
the fluices, during the crowd of veflels in the harbour in January laft. 


Upon the Chairman’s fourth vifitation of this year, we arrived at Ramfgate the alt Oc- 
tober, and then found the prefent ftretch of advanced pier in general up to high water 
mark.—During our ftay here, we had a hard gale of wind at eat, for three days together 5 
and then had the great {atisfaction to find the harbour, which when the wind was at 
that point ufed to be much agitated, to be moft remarkably ftill and quiet; fo 
great a change in this refpeét could have fearcely been expected, till the pier was car 
ried out to its full length, of which what was now done was fomewhat more than half. 
On this occafion we thought it neceflary to compare the harbour-mafter’s foundings, 
taken in May laft, and alfo the prefent_ month, with our own now taken in his prefence 5 
had the fatisfaction to find the channel of the harbour, notwith~ 


and 6n comparing them; 2 
fate in depth as well as inv 


ftanding the advancement of the pier, to be in an improving 
width, 








I 17 


in 1774 3 and indeed it is fo far wafted and wafting, that probably it will Fat she 
years before expedients will be found neceffary to preferve it. here have alreae 
complaints, that it is grown fo low, that at neap tides the veflels cannot get their Bal 
therefrom; and the expedient of filling barges in readinefs has been ordered by the traf 
tees for a remedy of that Sas. At a {pring tide Brae is snow visinggsn feet water ove 










“mM yperation of the fluices, as 
3 





lle of the outy 
a centl lope. 
fo that veffels drawing mite )¢ : r of arti ( ble expenfe, that wil greal tend to i 
i ring tides a r0 and confirm the whole work ; and which ee vay well be fee Se 1 
councils, turns of fortune; and chang 
after all, a harbour that muft fubfitt b 
continual expente, and great t 
all thofe ‘things yete duly, 
melt 


ony 


° ides as large ihips as , mployed he ; the attempts to recover it from the condition it was in in the Gegit ng of fe eat 1779 
: ] 1 lca come in J be Iv will Boncliud with faying, that according to my information, 130° Tall of ne at 
ig , one time in the harbour, driven in by ftrefs of weather i in the late 
5 : a 1s | TUN hwa anc ha J “among which were four Weft Indiamen richh hed n, from 350 
in alvaysvater © o into Ramfgate ; and that with ev find v l ; = ‘ are to ‘o fuppofe that the whole. or tl , 
L ey * in the | Bes vas uring this 


and 
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Within the} laft feyenteen months upwards of fix hundred fail of fhips and veffels have 
taken fhelter in the harbour, of which above three hundred were bound to and from the 


' port of London. 


Evidence can be produced, that the harbour has been this winter the means of faving a 
great many hips and yeffels, and property to the amount of between two and three hun- 
dred thoufand pounds, with a great number of valuable lives, which othervile would have 
been driven upon the flats and rocks, and in all probability loft. ‘ 


Se 


‘As an addition to this Report I have the pleafure’ of informing the public, that, on the 
rth July 1791, at a high fpring tide, the new dry dock built in the bafon for repairing 
fhips was tried in the prefence 6f the chairman, efor the firft time fince it was found ne- 
ceffary to build it with a timber floor, which is of a new and peculiar con{truétion, on 
account of the fprings from the chalk rifing fo powerfully under it as to force up the ftone 
floor with which it had before been twice tried. The experiment anfwered in the com- 
pleteft manner ; the dock remaining perfectly dry till low water, when the fluices of the 
bafon were opened for fcouring the harbour, fo'that this very defirable object, that has 
been fo much defpaired of, is now fully obtained, and mutt prove of great utility to the 
public. 


SANDWICH HAVEN. 


The REPORT of Jon SmzaTon, Civil Engineer, upon the State of 
S sandwich Haven. 


To the Mayor and Magiftrates of Sandwich. 


GENTLEMEN, 

HAY according to hiftorical accounts Sandwich was once a famous and flourifhing 
{ea-port, and that the Ifle of Thanet was completely furrounded with navigable water, 
there is not the leaft reafon to queftion ; for the change from that to its prefent itate, 
without fuppofing any particular convulfion of nature, or neglect of particular perlons, is 
conformable to the regular change that is conftantly experienced in all fimilar fituations ; 
the mud wherewith the fea-water is always charged in a greater or a lefs degree, being 
ready to fubfide and fx wherever it can meet with a place of reft. The great caufe 
whereby it is kept fufpended, is the movement and agitation of the waters that con- 
tain it. Wherever the quantity and agitation of the water are too little, or the quantity of 
mud is too great to be kept in motion by the agitating powers, its natural tendency to reft 
will operate ; and the effets of want of motion inereafing in proportion to the progrefs 
made, a more-rapid change enfues towards the completion of nature’s operation, than in 
the more early ftages. Every creek, inlet and bay, that has not afufficiency of frefh water 
rivers)to keep it open by being difcharged through it, has a tendency to become land. 
While fuch creek or bay remains deep, a quantity of tide’s water flowing in and_out twice 
a day, tends to keep the mud in agitation and from fettling; but as the tide of ebb is 
naturally weaker than the flood, the ebb will not carry out all that the flood has: brought 
ins and when the depofition is fo far advanced as to contrat the breadth of the water, 
and render it to'a certain degree fhallow, the quantity of water flowing in and out being 
leffened, its power is weakened. The natural means whereby an inlet is Kept open, is the 
difcharge ofa freth water river through it, which oppofing the influx of the tide, and add- 
ing to the force ofits ebb, will always maintain acertain channel in proportion to the 
quantity of land-water that requires to be difcharged. 
is to contract the channel to fuch a fize, that the natural power of the ftream can juft 
maintain it; and in this ftate the wide extended arm of the fea, anciently flowing by Sand- 


wich, and up the general vallies, as now called, feems to have been at the period that th 


new cut at Stonar was projected and executed. . : 
Vou. Ul. i) A river 


The tendency of nature therefore _ 
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A river fuch as the Stour, is by no means adequate to keep open fo large an arm of the 
fer asthat through which it flowed in former ages ; and the powers of its current having 
beeome confiderably weakened by the meandring courfe it took, (which in effect leflens 
its decliyity) the difficulties of draining the marfhes and adjacent low grounds became 


greater in proportion as the depth and width of its channel grew more contre @eae Thus, 
while fo obvious a remedy prefented itfelf as the turning of the rives e narrow 
neck of land at Stonar, where, in the fpaceof a furlong, there * ) al) Sr more than a 


fathom ; it isnot to be wondered that the landed intereft in the sel, was eagerly withing 
to feize the apparent advantage, and indeed fo happy and eafy an expedient rarely occurs 
in fubjeéts of drainage. The late Mr. Yeoman in his report, {peaks of having had expe- 
rience of other rivers under the fame cireumar es ; for my part [have feen many rivers ; 
but the Stour in this refpeét ftands alone. Cv»)! Sandwich have been as eafily moved to 
Stonar, as the Stour carried through this cut, every thing would have been well on all 
fides ; but notwithftanding the affurances of Mr. Yeoman, it certainly was contrary to 
the experience of us all, to fuppofe that the running of the height of the flood waters by 
another channel fhould tend to improve the harbour of Sandwich ; unlefs he meant that 
part of the Stour that lies below the new cut at Stonar, to the fea, as being the harbour 
of Sandwich, of fo much importance to that town. ‘The thing is however now fixed ; and 
under certain regulations by an A& of Parliament, which cannot be deviated from by either 
intereft without the confent of the other. But it appears to me that there is nothing to hin- 
der a different mode’of operation by confent of parties ; if it can be made appear, that 
they both will be bettered by the change; and this I will now endeavour to point out. 


It is the great Jand floads proceeding from great downfalls of rain, or diffolution of fnow, 
or both: cénjointly, that isithe great operative caufe in clearing the channels of rivers to 
fea ; and this chiefly when the tide is out; and moft of all when they happen at the low 
ebbjof a fpring tide at fuch’a time more work is done in a few hours than could be done 
in months by a leifurely or moderate reflow; this: may, as the engineers affect to term it, 

" ogtind away a little of the mud; fand, and filt; but the former tears it away with violence. 
A gentle reflow, experience evidently fhews, difturbs not a particle of fand or mud; on 
dhe contrary, if the preceding tide of flood has had power to bring in a quantity of file 
along with it; fuch a reflow will give’ it leave quietly to fubfide 5 and where nothing 
is done towards its removal in one tide, no number of repetitions will amount to any 
thing.. It feems therefore to little purpofe for the Harbour of Sandwich, I mean that: 
part of it that is contiguous to the town, when the top waters are drawn off through the 
flood gates of Stonat, to leave the dribblings of the floods and ordinary current of the 
river, to go quietly round by the way of Sandwich. 4 

The 


ee) a 


The work being now executed is not, as before the pafling of the Ad, a matter of 







fpeculation ; the effeéts may be evidently feen and with more certain 


idyed of. Timult 
take for granted that the f{tandard mark was fixed as the law direé 


, at the mediuat of 
nine fect above the bed of* the river at the head of the cut: let any one now found the 





depth of it for fome {pace below the head of the cut and he'will perceive how miferably it 
is here diginififed, both in depth and width. This evidently fhews how much the water 
has loft of its cleanfing atid feouring power, fince the-paflage of the top waters have been 
diverted. On the other hand let the channel’ of the Stour be viewed above the head of 


the new cut, he will foon perceive how greatly itis augmented; how ftriking the contrafl! 
all this in favour of the drainage. 


For my own part I am profeflionally as great a-friend'to drainage as to navigation ; 
and therefore if I can fhew, in confequence. of what has occurred to me from the view 
[ have taken, how the drainage may be very materially improved, even beyond the ad- 
vantages already gained, by means that will improve the nayigation alfo ; and that without 
any new charge, I fhall be doing an evident fervice to both. 


I have always underftood, -and believe it to be true, that the flooding of low grounds 
in the vallies of rivers is an advantage to the grounds, provided it is done or happens at 
{uitable {eafons of the year; for the firefh waters that come down from the high grounds 
in floods, conftantly bring with them a quantity of foil enriched with the manure 
that wathes down from the higher country, which being depofited upon the furface of 
the low lands, very greatly improves their fertility. ,It is the misfortune of low lands 
which-are not in a ftate of perfeét and ready drainage, that the water when brought upon 
them by the winter rains is apt to lie upon them fo long in the cold feafon of the year, 
that it greatly damages the roots of the ufeful vegetables (which in general are not 
aquatics), fo that the occupiers of thefe lands, lofing much more by the continuance of the 
water upon them than they gain by the depofition, generally reckon and imagine they 
never can get them dry toofoon. Now, fuppofe at the beginning of a flood, if the waters 
were kept upon the furface of the vallies for a fortnight, they would be fertilized thereby, 
provided they were run off more {peedily afterwards than they ufed to be. The height ~ 
or depth of the water upon the land is not what does the damage, but the contrary, the 
injury arifes from its long continuance at a {mall depth; and'in cafes of dificult drainage 
the difficulty has not been to get rid of the top waters, which by their height have a 
greater declivity to the fea; but the bottom waters, by the riddance of which the ground 
is made competently dry and fitted for the purpofes of agriculture. * 


Se Imagine 


™ 
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Imagine now in the winter months; fuppofe, November, December, January, February, 
and a part of March, that inftead of drawing the gates when the water was jult above 
the mark after a dry feafon, they were to remain fhut fora certain number, fuppofe for three 
or four days, that the water might completely overflow the meadows and take its ancient 
courfe ; that then tie gates were drawn, and without being reftri@ted to wait f° an hour's 
ebb on the haven fide, and then to run only for five hours each tice * 


S Were to run 
them as foon and as long as the Jand flood water would overtine 


he tide, for the {pace 
of four tides running, then let them remain fhut for four tutes, and four tides run as 
before ; and fo alternately, four tides and four tides till the flood was run off , and the 
water never rofe in the time fhut to the {tandard mark. 

In this way it is very certain that not 01» ore water would run through the flood 
gates in a given number of days, than can de in five hours each tide; but by draw- 
ing lower in confequence of a continued draft, the defcent of the water from the meadows 
would be more quick and effectual, and particularly fo in the decline of floods, On the 
other hand the greater, abundance of top waters that would this way be forced to 
pafs Sandwich Bridge, would much more effectually tend to Keep the whole channel of 
the Stour open, in its long meandring courfe from the head to the tail of the new cut, 
than it can now do, when it is never fuffered to have its full effeCt, owing to the conftant 
diverfion of a great part of it by the new cut. By this means a fcouring power would 


at at intervals through Sandwich Harbour, of much more confequence for the reafons 


given, than the weakened one it can now have; and which, combined with the advan- 
tage that the lower part of the hayen, from the tail of the cut to the fea, muft neceflarily. 
receive from the flood gates, appears to me fufficient to keep the harbour of Sandwich in 
as good order, as it has been known in the memory of man; provided a little help from 
the hedge-hog and {pade be given in fome particular places. 


The harbour of Sandwich, properly fo called, I find is complained of rather on account 
ofits growing narrower than fhallower. ‘The contraétion of its feGtion is a natural confe- 
quence, of the lofs of the force of the top waters of the land floods; but I think it is 
“particularly fortunate that the contraétion has rather been in width than in depth. ‘The 
expedient therefore that I have propofed will, together with the means already ufed, in 
valll kelihood ver the former width, or at leaft prevent a further contraction. 





: When a frefh Water river makes its way to fea throngh the loofe fand’ and filt that the 
fea has originally depofited, its courfe is continually varying, as there is nothing {table to 


* fike it ; for when by any accident it gets into a curve out of a ftraight line, the water by 


its 


gaa” | 
its fuperior aétion on the concave fide of the curve, tends to make it more curved. To 
attempt to cut off the points by the fpade is an endlefs and therefore an ulelefs work, 
Nor can the matter be mended by jettees, becaufe thefe will make curves where there 
were none before. All that ean be done to the purpofe in this cafe, is to alter the perches 
and buoys conformably ; fo as to point out the channel. 


Upon . t only the outward haven, but the harbour® of Sandwich in 
reafonable good order ; indeed in better than I could have expetted, confidering the na- 
tural difficulties to its fubfiftence ; and efpecially fince the total fubtraction of the top 
floods from the harbour; which affords an inflance what a little help will do when pro- 
perly and feafonably applied, as I underftend the hedge-hog has been made aconfiderable 


ufe of ; for when the water runs with current, a great deal of fand and filt will be 


carried by it down {tream to feaward. 


The river Stour above the limits of Sandwich Harbour grows fenfibly more and more: 
contrafted and obftruéted with weeds, till we arrive at the head of the new cut: This 
the hedge-hog, which 1 alfo under- 
rs; and it appears to me that every 





diftriét in feveral places wants the fpade as well as 
ftandeto»be here uled by. the Commiflioners of fes 
year this evil will increafe, unlefs prevented by the different mode of running the flood 
gates L have recommended, and which will be by far the cheapeft expedient, 





The Commiffioners of fewers in this way, will alfo be relieved from the neceffity of 
maintaining the new cut at the widtlr of 40 feet ; the falfilling of which condition 1 expect 
will otherwife occafion a very confiderable expenfe ; as the operation of the flood gates 


feems likely to widen it apace. 


. 

T hall conclude with obferving, that what I have recommended being a matter of fti- 
pulation, may be tried for a year or two certain, till the effe& of it is feen ; and then a. 
more folemn engagement entered into, as the effect of fuch experience fhall evince. 


Grays Inn, 
rsth Augyjt 1789. 


* This diftin@ion feems neceflary to avoid ambiguity ; the haven being fuppofed that part between the: tait 
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rubbed againft each other, form a conftant fucceffion of beach. ‘This however is obfery. = 
1 able, whether this fucceffion is to be attributed to the above or any other caufe, a eg - 
| immenfe quantity of beach. is in a ftate of continual motion along the coaft from weft to 
eaft, part of which lodges and fills up every recefs where it can be depofited and Jie in — 
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This beach has formerly been the deftruétion of the old harbour, 
the above accounts that the mouth has been more than once rely 
remained fo for years ; and that the mouth of the prefent 
through the beach to let off the land waters sent up in the infide of the | 
more effeétually to view and examine the “ste thereof, and to 
conftrué fuch frefh works as might *ppsr nec for" 


From this ftate the prefent/harbour has been 
defended by two piers compofed chiefly of 
heavy ftones. After paffing the throat or entry, the ive in a 
outward harbour, where they may lie defended from all winds; but havin; 


communication with the fea the water flows and ebbs therewith, and at 
tides the whole is left dry. Above this the natural capacity of the 
is divided by a dam, or as it is called the crg/t wall, in which 1 
wide at top, and about 36 at bottom 5 and in 

to landward, through which veflels at high may pals 
into the interior harbour or bafon (as it is called) where 


miata ™ 
} This crofs wall befides the great a on 
in each of which is placed a pair of draw gates: 
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The interior harbour or bafon is again divided 
an opening of more than 20 feet for the paflage of 
with a inting to: landward ; 
nifhed with three draw gates, 
 feour the bafon. Into this upper T 
which fprings fom the chalk hills no 
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This general difpofition of the harbour appears to me as judicious as can be contrived, 
and is upon the fame general idea as the port of Cherbourg upon which the French had 


expended an immenfe {um of money, in order to compleat every thing in the moft fub. 


{tantial manner, before it was deftroyed by the Englifh in the la(t war. 


According to this difpofition, when by hard gales of wind and feas from the fouth-weltern 
quarter, a quantity of beach is brought round the weftern head and lodges itfelf between 
the heads; the bafon and pent are then filled partly by taking in the fea water and parily 
by frefh:water afforded by the river, and there retained till it be low water. The draw 
gates of the fluices in the crofs wall are then opéned with all poflible expedition, and the 
body of water contained in the bafon and pent, by making its way between the picr heads 
cuts down and removes the bar of the beach, which at the time of {pring tides is done 
with fo great effeét, that at one fingle operation, as I am informed, a good paflage is 
opened for veflels; and af two tides the whole mouth of the harbour can be cleared; 
and could this be done with equal eafe and expedition at all times when wanted, then 
would the evils that are now complained of not fubfift, and this port would be in 
nearly the beft condition its fituation is capable of ; and which indeed is very refpectable 
as a tide harbour, having a good capacity, with from 16 to 18 feet water at cominon 
{pring and from 11 to 13 feet water atcommonineap tides: but it fo happens when there 
are ftorms or hard gales of wind from the fouth-weftern quarter and at the fame time fhort 
or low neap tides, that fuch a quantity of beach will be lodged between the pier heads, and 
to fo great a height, that according to my information a veffel drawing but four feet 
water can hardly get into or out of the port, at atime when if the mouth were clear 
as ufual, there would be good ten or eleyen feet water into and out of the outward 


harbour. 


At thofe times there remains at low water fo great a depth without the heads, that the 
water from the fluices has not a fufficient fall and power to drive out the beach from 
between the heads, but it is obliged to lie till the fpring tides come on; which as it may 
fometimes happen to bean interval of a week, produces great ob{truétion to the paquets 
eftablifhed between Dover and Calais, as well as to the mercantile trade of the place ; and 


"yet more to general trade, as veffels may want the port for fafety during thefe intervals 


‘but cannot enter it. 5 


The remedy for this evil, or as far as it is capable of remedy, is as I apprehend the 
objedt of the prefent enquiry; and towards this end two general methods prefent them- 
Melves; viz. 

Be. aft. The 


agot3 Zao 
ift, The prevention of the beach from getting into the harbour’s mouth, and 


adly. A more effeétual way of clearing it out when it happens to get in at the times 
above fpecified. 


It has long been obferved that when, by the wafhing of the fea at the foot of the chalk 
cliffs, any confiderable fall of the cliffs happens to the weftward of the port, this ground 
fo fallen making a projecting point or promontory further out than ufual ftops the courfe 
of the beach coaftwife, fo that when the quantity which happens to™be laid eaftward of 
the falls (as they are called) has got beyond the port, the quantity pafling the pier heads 
is fo fmall that the port is very little annoyed therewith; but as thofe falls are chiefly 
compofed of chalk, and much broken by the fhock in falling, the feain the courfe of a 
few years wathes them away, and then not only the beach is let to pals in its/ordinary 
quantity, but alfo the quantity before retained by the falls, which gradually efeapes as the 
fall (or artificial point) wafhes away. This has given occafion to a fuppofition, that if 
inftead of thefe temporary promontories (which are often fo confiderable as to cover fome 
acres of ground), fixed heads or jettees were run out into the fea, which were not capable 
of being wafhed away, they would for ever prevent the beach from getting eaft- 
ward into the harbour ; for, fay they, fo long as thefe falls or natural jettees lalt, fo long 
is the harbour free from beach; efpecially in fuch quantity as to prevent its being eafily 
kept clear by running the fluices, and therefore is no annoyance thereto. This matter, as 
it depends upon faéts that are in themfelves at firft fight ftriking, and on that account 
ftrongly infifted upon by many, I fhall endeavour to fet in a clear light. 


When I was at Dover in the month of February laft, a very large fall, about three miles 
to the weftward of that port, had happened but a little while before 5 as well as another 
large one nearer to Dover, which had happened fome time previoufly 5 both eS falls 
J went to view and confidered very attentively. I judged ae the great fall (as a 
reprefented) covered fix or eight acres of ground, and will undoubtedly take ame - 
able time to wath it away. I obferved that the quantity of beach lining the = 9 ui oo 
diminifhed, as.we approached both thefe falls from the ealtward, fo that ia ee 
fhore was ina manner clear of beach on the eaft fides while we appeare ei ea : a 
tity gathering on the weft fides, and which was in a ftate of ee as mult neceflanly 
happen by the gradual approach of the beach from the weftward. 


Undoubtedly till thefe promontories get charged to the full with beach, the greateft es 
will be there retained, and in confequence the conftant fupply being cut off, the pe. 
Vou. II. sik war 
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caftward of the falls will gradually diminith by removing flill further eaft. That ther 
falls if rendered permanent would permanently retain a quantity of beach fuflicient . 
charge them, and in confequence make an addition to the coaft for fome fpace weftward 
thereof, I can readily admit ; but that after they are full charged with beach they will 
continue to ftop the conftant fupply from getting round thefe heads, and again driving 
along the coaft eaftward as it had done before, is what is by no means clear to me. The 
matter rather prefents itfelf to mein this light; that in faé by fuch time as thefe falls gei 
fally charged with beach, or perhaps fooner, they get fo far wafhed away as to begin to 
Joofe it again ; and as by this means their power of retention, after they are full, never 
comes to the proof, this makes it to be imagined that the beach begins to move eaftward 
merely in confequence of the falls wafhing sway; and therefore had the point been per. 
manent, the beach would always have been ' »pped. 


That the time taken up in the wathing away of thefe falls may in fome meafure cor. 
refpond with the time they take to fill, appears hence, that the largeft falls are the longeft 
in wafhing away 5 put then they will confine and lodge more beach before they are full, 
T can therefore readily admit that if jettees were run out to the fame length as thofe falls, 
they would if properly maintained permanently retain a certain quantity without after- 
wards letting that quantity go again, as the temporary falls or jettees now do ; but as! 
am no ways convinced that they would tend to ftop the conftant fucceffion of beach from 
getting round their heads after they are full, and then driving along the coaft as before; 
I am of opinion that the good that is to be got to Dover harbour by raifing arti- 
ficial jettees in order to lock up a certain quantity of beach as in a cheft, will be no ways 
adequate to the expenfe of raifing them, but that the fucceffive quantity will in fact fill 
them as falt as they can be carried out by men’s hands; fo that a remedy this way mutt 
confift in an eternal work of building jettees, which as they will require maintaining as 
well as building, will, together with the common repairs of the harbour works, induce a 
very great expenfe. 


Tt is faid indeed, that though the heads may not retain the beach beyond a certain quan- 
tity, yet that if it be forced to go out into deep water, it will be loft in the fea and 
never return upon the coaft. But in anfwer to this, I fear it will not be poffible by the 
hands of man to carry out thofe jettees into fuch deep water upon this floping coaft, as 
to prevent their return; nor indeed, when I obferve how oddly this beach gets along the 
coaft through paffes where it muft go through deep water, and afterwards appears again, 

Lam not inclined to truft altogether to the fhoving it out into deep water, even ifit could 
be done, I am therefore more ftrongly induced (without neglecting any advantages that 
may 
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may be drawn from thofe cafual and temporary reliefs of nature, the falls) to confine m 
views, operations, and expenfe to fuch purpofes as aye a determinate end, and sip 
fuppofe the beft to be made of it that can be, under the fuppofition of a conftant fucceffion 
of beach from weft to eaftward upon the coaft as heretofore, 


Conformably to this do@trine of the movement of the beach, may be reckoned the real 
benefit found by the jettee that has been erected at the Caftle Point. It feems that formerly 
the breadth of ground between the pent and the fea was fo narrow, that there was great 
danger of the feas making a thorough breach into it; but that upom"a large fall happen- 
ing at the Caftle Point, a quantity of beach-was lodged and the partition between the pent 
and the fea was greatly ftrengthened as long as the fall latted ; but upon the wafhing away 
of this fall the barrier was again greatly weakened ; which being obferved, an artificial 
pier or jettee was ereéted at the fame place, and ever fince the beach has been fo far re- 
tained as to lie in a confiderable breadth and ftrength between the pent and the fea, and 
fo as to put that matter out of all danger. This was certainly a very judicious piece of 
work, and the effect was fully accomplifhed, that is, of retaining a quantity of beach to 
the weftward of it, fo as to make an addition to the coaft; but this being once made to as 
great a degree as the projeCtion of this head is capable of retaining it, the further quan. 
tity coming from the weft and pafling by the mouth of Dover harbour, is not retained by 
this head but gets round it, is again gradually wathed up upon the fhore, and purfues its 
former courfe, and probably gets ‘round all the heads and forms the beach in the, 


Downs. 


To the weftward of the harbour’s mouth is ereéted a pier, jettee, or breakwater, called 
Cheefe-Man’s Head, whofe effeét has likewife been to lock up a quantity of beach, and 
thereby to make an addition to the coaft. While this was doing, the good effect thereof 
to the harbour was experienced, but being now in a ftate of decay, the beach it formerly 
retained is coming down 5 however as the natural fupply will undoubtedly be cut off for 
fome time by the falls to the weft, it feems to me, on mature confideration, to be more 
adyifeable to take the benefit of this intermiflion, and to employ the prefent powers in 
raifing a work that will more permanently and directly tend to the relief of the harbour 


than the repairing of Cheefe-Man’s Head. 


The natural direGtion of the entry of the harbour is S. E. by the prefent magnetic 
meridian, or about E. S. E. by the true meridian ; but to avoid confufion I fhall confine 
myfelf in the mention of the points of the compafs to the magnetic bearings only. The 


fhape of the weltern head is not only very uncommon but to me very exis ey re 
T2 er 
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after it has been carried out in the natural direétion of the harbour’s entry, for abo 
feet, in a line at or about S. S, E. it fuddenly turns away to S. S. W. in which fens 
being carried on between 60 and 70 feet, it is terminated with a falient angle pointin + 
the fame quarter. The line of direétion of this flank of the pier being continued in ot = 
pofite direétion, cuts within the eaftern pier head about 60 feet, fo that with bibain, 
‘betwixt S. S. W. and E. S. E, this flank is ftruck obliquely by the feas, and aéts it 
manner of a tunnel, towards bringing the feas (with wind from S. to S.S. W.) and co; : 
fequently the beach that happens to be lodged before the mouth of the harbour ara 
into the throat thereof. The fouth-eaftern feas indeed are fo fhort that they do Kot i 
affect the mouth of this harbour any way , ' © Sy the pier turning fo much to the welt 
it greatly facilitates the beach after it has ¢ eovnd its falient point to get fone this 
flank, whofe line of direction being overlap, already pointed out by the ees 
head, is thereby equally caught and retained, when the wind is more to the weft than the 
§.S. W. direGtion of this fank; for itis very obfervable that the feas will wrap them. 
felyes round a head, and a& with great power feveral pvints of the compafs from the wind 
that caufes them. Nothing therefore, as it feems to me, could have been formed more im- 
properly with refpeét to the bringing of beach into the throat of the harbour, nor indeed 
in all foutherly winds, with refpe€t to bringing in the feas into the harbour, had not thi 
laft effe&t been in fome meafure prevented by the jettee or tongue projeéted from the 
eaftern pier at the inner entry into the harbour which catches them as they run along-fide 
@ of the eaftern pier. ' : 


I would therefore advife, by way of leffening as much as poffible the quantity of beach 
that can get round and lodge between the pier heads, and as the firit and moft important 
work that can be done, to prolong or carry out the firft mentioned line of the Ferd in 
its dire€tion S. S. E. and that far enough to come into a S,S. W. direétion from the ex- 
tremity of the eaft head, which will be done by extending this face about go feet, as {hewn 
in the plan hereto annexed, and then returning the outfide fo as to fall in with thie falient 
points of the prefent pier. The additional work will form a fort of triangle, whofe bale 
Will be principally formed by the prefent S. W. flank, and whofe projection forward 
‘towards the S. E. in a line perpendicular to the bafe, will be but little above 60 feet further 
out than at prefent. By this conftruétion all the good that arifes from the fhape of the 
prefent pier head, in regard to locking in the beach, will be retained ; and as all winds that 
are farther out than $.S. WwW. (that is than fouth of the true meridian,) which include all 
thofe which are the moft prejudicial, will meet the outface of the new work obliquely, they 

: will rather tend to fend the feas and beach to feaward, than to bring them round the head into 
the throat @f the harbour ; and as to all thofe winds that are eaftward of the S. S. W. they 
: 2 are 
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are found to be produttive of no ill effeét upomthis harbour. The intent then of this pro- 
jection is not by way of lengthening the head, fo as to make it lock in or retain a greater 
quantity of beach, but by making it to overlap the eaftern head fufficiently, to caufe the 
beach brought coaftwife by the great feas at W.S. W. to fhoot beyond the eaftern head, 
before it is brought up again upon the fhore, and by giving it fuch a fhape as ‘hall alfo 
tend in the moft effeétual manner poflible to make the beach drive out to fea till it has 
paffed the harbour’s mouth, 


Lam fenfible at the fame time, that neither this nor any other fhape or prolongation of 
the piers will totally prevent the beach* from coming into the harbour’s mouth; for 
though this realoning would hold good * cafe the wayes of the fea were reflected from 
fixed objeats, like light from polifhed fy 5; yet the feas, as already obferved, fo wrap 
round the furfaces of bodies that oppofe tue, that they will in fome degree go round even 
while they come into an oppofite direGtion. They may therefore more aptly be compared to 
the nature of found than light; yet as the grofs and violence of the ation is {pent according 
to the angles and dire€tions wherewith they firft trike, the main force or ftrefs of the action 
will conform to thofe laws; and hence (as it may be expected) if two thirds of the whole 
quantity of the beach that now would lodge itfelf in the harbour’s mouth is diverted fo 
as to pafs by it without entering, it will follow that the third part will not be of one fixth 
of the evil confequence and inconvenience to the harbour ; and that rendered more eafily 
and readily to be removed by the ation of the fluices. 


It is perhaps impoffible to make a compleat artificial harbour, for what improyes it in 
one fenfe will often be of detriment in another; for this reafon the main drift and 
purpofe thereof is to be principally attended to, and when thar is done to as great an ad- 
vantage as may be, that harbour may be {aid to be in the moft perfect flate its fituation is 
capable of. Lam therefore aware that this addition to the head here propofed may meet 
with fome objeGtion from feamen ; for it may be argued that the prefent weiterly turn of 
the head admits fhips coming from the weltward with a feant wind at N. N, W. more eafily 
and readily to fhoot up into the wind and get between the heads, (from whence they warp 
into the harbour) with lefs rifque of over fhooting their port, than if this prolongation were 
totake place. To this 1 anfwer, that as there is frequently a bank of beach lodged high 
again{t the pier in the very place where the new work is propofed (ready to be diene 
between the heads by the firft {hift of wind more foutherly), this will either by the reality 
or the fear thereof prevent veffels from making the turn of the weft bead foonety efpecially 
if they have no pilot on board, than if this vacancy were occupied with a folid pier, which 


they will always have the advantage of feeing above water, and againft which, a its 
ape 
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dhape and pofition, no material quantity of beach can ever lodge. I muft alfo obfer: 

that if a fhip is coming up the channel intending for this port, fhe always has either . 
wing rat large, fo that fhe can keep a proper offing and alter her courfe proper to “ 
right into port, or elfe it is an off fhore wind, wherein if he pleafes fhe may drop an anch ‘ 
before the harbour’s mouth and afterwards warp in. 4 


adly. It may alfo be alleged that the prefent face of the pier head is fometimes ufeful 
for fhips to lie along fide; in order to caft off when the wind is fair to go up or down 
channel, and with fuch a wind as does not enable her to /ai/ out of port: but it may be 
obferved in anfwer that befides the objeCtion, that when a bank of beach is lodged here 
no ufé can be made of this fide of the pier for this purpofe ; it may be further obferved 
that for all fhips going ealterly, the propofed eaft face will be better adapted in foutherly 
winds than the prefent; and for fhips going wefterly, a tranfport buoy fixed at a proper 
diftance to fouth-eaftward of the harbour’s mouth, would anfwer far better for this pur. 
pole than the prefent pier, and that, even independently of fuch a buoy, there are fome 
winds which the propofed face would an{wer to better for fhips to ca{t off from to proceed 
weiterly than the prefent. Iam told that fuch a buoy has been formerly fixed and main- 
tained, and it feems very advifeable that it fhould be replaced *. 


This in my opinion is the whole and moft effelual means that can be ufed to prevent 
as much as poflible the beach from getting into the harbour’s mouth. I come now to 
confider the moft effe€tual method of remoying what does come in. 


Tn the time of fpring tides, as has been already obferved, there is no difficulty ; and in 
regard to neap tides.as the quantity that can get in will after the execution of the propoled 
head be far lefs than at prefent, it may with more eafe be removed, even with the prefent 
power ; but a that does not feem fufficient to be abfolutely depended upon, I fhall now 
thew what is in my opinion the moft effectual way to improve it, 


On Thurfday morning the 23d of February, being the third day after the full moon, a 
full head of water was penned in and the turn-water next the caft pier head fet, I obferved 
nee meh the beach about and between the heads, (which indeed were tolerably clear) 
a . oy ee at low water, in order that I might fee the operation thereof: 

Tye that the gates of the fluices were five minutes in drawing, and that the water 


# The prolongation of the welt ‘ : A 
his report on this harbour 1718: : a Bice ters, BAe yee denigd by Coptein Perry. 


took 
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took up the fame time in getting down from the fluices to the pier heads, that it was five 
minutes more in getting to its full ftrength, which continued for about half an hour ; but 
after that, though it continued a quarter of an hour longer, the effect was inconfiderable, 
After the operation I obferved that wherever the beach had laid in the way of the water, 
it was greatly reduced and carried fo far without the heads that the wefterly feas would 
infallibly carry it beyond the eaft head, and prevent its returning into the harbour. 


I obferved that before the fluices were drawn there did not appear to be above fix or 
eight inches of fall from the apron of the outmoft turnwater to the fea, and about an equal 
declivity from the ftone apron of the gréat gates to the faid turnwater apron, fo that from 
the {tone apron of the great gates to fe: the fall could not much exceed a foot, or at 
moft eighteen inches of declivity, but ill be variable according as the tide ebbs more 
out ; Lonly beg. leave to obferve thar oss will be the ordinary ftate of it in {pring tides, 
as the prefent ones were faid to be of a middling kind. Lobferyed further that the water 
from the fluices when in their full power fearcely overtopped the turnwaters, which ap- 
peared to be about three feet and a half high, fo that the fall of the water's furface from 
the turnwater to the fea was fearcely more than four feet; and yet in this ftate the fluices 
are capable of keeping the harbour clear. I was informed that at neap tides fometimes the 
water will ebb down to the ftone apron of the great gates, but ordinarily fo as to leave 
about twenty inches upon it, fearcely ever more than two feet, if it be not penned by beach 
cat into the harbour’s mouth. Hence it appears that at neap tides there is not above 
three feet more depth of water at the harbour’s mouth than at {pring tides, and confe- 
quently by a power of water that will overtop the fea water at neap tides as much as it 
now does at {pring tides, the harbour’s mouth might be cleared as effe€tually at neap 
as it is now at {pring tides, and this would be effeéted if the capacities of the fluices 
were doubled; for the fame defcent of the furface would produce the fame velocity 
confined to the fame breadth a double quantity of 
which would then have as good or a better fall into 





and effect upon the bottom, and being 
water would produce a double height, 
the fea at neap tides, than it now has at {pring tides. 


It is true that being difcharged in double quantity it would be fpent in half the time, fo 
that inftead of lafting half an hour in full vigour, it would laft only a quarter; but as a 
much greater body and weight of water will aét at once a confiderable effeat muft ee 
duced, fo as greatly to relieve the harbour’s mouth, which though not made perfe 2 
clear till the approach of {pring tides, would, in conjunction with the relief that is to be 


expected from the propofed addition to the welt head, prevent its ever being barred up at 


ae i of the 
neap tides or prevent its ule to all middling velfels; for even a fingle difcharge ae 
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fluices with the power I have mentioned, would in a manner remove the grofs of any ob- 
ftruétion that then could happen. 


I was informed that in fummer they can generally gather a full bafon and pent of water 
in four days, and one in a week in the very drieft feafons and fhorteft tides; if fo the 
pent might always be kept full againft neap tides, fo as to fill the bafon or nearly fo on 
fhutting in the firft tide that fhall happen after the approach of any emergence; I fay the 
approach of any emergence, for whenever it comes to blow at fuch points as are found 
by experience to bring in the beach, it is not neceflary to wait the event but to prepare 
immediately to get a full head of water. ‘ 

There are two ways by which the capacity of the fluices may be augmented. One is by 
building a new tunnel at each end of the prefent {tone wall. The width of the prefent 
tunnels or archways for the draw gates is twelve feet, but as I am perfetly clear that 
the advantage of the fluices does not fo much depend upon the length of time they 
play, as upon the great body that can be at once difcharged ; I would advife that the new 
tunnels would be fifteen feet wide each, and not be fhut by draw gates but by turning 
gates, by which the water can be inflantly difcharged without lofs of time or addition of 
hands. The execution of this method will require the moft time and expenfe, but when 
done will be the moft durable and require the leaft repairs. 


The fecond method is by placing turning gates in the great gates, which can be dif- 
charged and’ will operate like the former, and anfwer the end in all refpects the fame : 
the only objection to this method, is, that folding gates made with turning gates encafed 
are not only more expenfive to conftruét, but lefs durable than folding gates made plain 
and whole; otherwife the bufinefs will be done in this way at far lefs expenfe and in 
much lefs time than with ftone tunnels, efpecially as the great gates having been latcly 
renewed may be made ftill to ferve by having turning gates adapted to them. 


As Ido not know of any turning gates encafed in folding gates in England, it perhaps 
may be doubted whether the thing be praSticable, but for their information I beg leave 
to menticn that this very thing is done and praétifed with fuccels, not only at the Briel 
but in the great gates of the fluice of Helyeot in Holland, and made ufe of for {couring 


the outward harbour and pier heads, and that it was formerly done in the great fluice 
of Mardick near Dunkirk, before it was demolifhed by treaty. 


As 
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As therefore this method canbe put in praétice ina fhorter time, and at a lefs expente, 
I would the rather advife it at prefent to be adopted, that when the good effedts 
thereof are feen, the larger and more durable work in ftone may be doing while the firfE 
pair of gates are in wear, which may afterwards be changed for thofe of the prefent con- 
(truétion when the others are executed. 


The fluice of Helveot is forty-eight feet wide : the gates, which I faw the year 1755, by a 
date upon them, appeared to have been conftruéted in the year 1722, fo that they had 
been in thirty-three years, and were then in perfect good repair ; they had however 
originally been exceedingly well conftruéted and very ftrong. I happened to have an 
opportunity of feeing the operation of this fluice, which I well remember was far beyond 
the prefent ones at Dover, though the turning gates encafed in the great gates were the 
only apertures they had for difcharging the water from the bafon, which, according to my 
idea, is much lefs than the Dover bafon and pent together ; the whole operation was ina 
manner over ina quarter of an hour. 


The addition to the weft head I would advife to be of ftone, which will not only be 
more durable and in the end cheaper than wood, but will probably thew the way of re- 
building the prefent piers with {tone as they may occafionally want it, which it is to be 
wifhed had been done at firft. 


The outfide of the new work I would propofe to be conftruéted of Portland blocks, but 
the infide may be done with the large rough ftones that are brought from Folkftone, fuch 
as are ufed for filling the prefent piers. I would however advife, that to the height of fix 
or eight feet, the fouth face of the propofed addition may be done with Cornifh moor one, 
as the expenfe will not create any material difference upon the whole, and its hardnefs will 
prevent its being affected by the beach rubbing againtt it. 


It would be befide the prefent purpofe to make out defigns for the execution oS the 
propofed works, till the execution fhall be refolved upon 5 and yet without this ash ‘ee 
poflible to come to any complete eftimate = however by way of gi me a E st 
the expenfe, I fuppofe the {tone*head may be done for the fum of. Boe an oe 
made upon the plan I have mentioned, for the fum of #13500 including an addition 
the apron to prevent the action of the water from gulling the bottom. 


Either the increafing the water way or the addition to the pier, L expe he be o, 
fervice to the port, and as one is chiefly mafonry and the other carpentry, 1 prop a 
Vor. Ill. U 
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can be raifed they may be botl carried on together; but if they are to be carvied on 
feparately, I look upon the alteration of the head as of the moft immediate confe. 
quence and importance. 

Tt may be proper to fuggeft that when the port of Dover is by the means above 
{pecified put upon the belt footing its fituation is capable of (that is, according to the 
beft of my judgement) I apprehend it will be very eligible to be more frequently 
ufed by the king’s floops and lefler frigates, and therefore that for fitting them out it 
would be very practicable to build a dock in the place now called the Paradife Pent, 
which is in a manner a wate piece of «end, and where the excavation for the 
purpofe is in a great meafure ready; thi: hoving been in ancient times, as I under. 
ftand, a very material part of the harbous, 





Auphorpe, 


17th June 1769. J. SMEATON, 


OPERATION of the Turning Gate Sluices for Dover Harbour. 


When the gate is to be fhut for penning in a head of water, the rope from the crab 
is to be hooked to the downftream fide of the gate, and by that means brought 
clofe to its bearings. When the water comes againft it the other half of the gate will be 
fupported by its threfhold and cheek, in the fame manner that common fluice gates gene- 
rally are, but as the part of the gate that lies downftream when open, receives no Sport 
from either, in order to give it that fupport, a triangular frame called a Valet, turning 
upon two gudgeons is brought round, and atting as a lever, its turning poft is made to 
bear hard againft the clapping poft of the gate, and thereby firmly fupports it, and prefles 
it upward againit its @heck, which it would otherwife be inclined to depart from; and in 
order to make it the more tight, an eye upon the end of the diagonal lever of the 
valet bs brought towards an eye upon the fixed beam by a luff tackle, and in that 
antation is lathed by feveral turns of a cord round the pummels ; this done, the crab 
rope is to be hooked, and then the gate is fet for penning in a head of water. 


Th 


—ae 
; 
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In order to difcharge it, the lafhing is to be cut, anda part of the gate being: then 
unfupported, will throw open the valet, and in part open itfelf, but to fet it Fight 
fquare the crab is to be made tfe of, and will be ftopped in its proper pofition by the 
counter threfholds. ‘The water then runs through in a full bore, and by its Superior 
accumulation in the exterior harbours, will act in proportion more {trongly upon the 
beach at the entry of the pier heads. 


N.B. By giving the greater fide of the gate ftill more advantage, it might be made 


to open wholly of itfelf, but as its operation would then proceed with 
violence, it is judged more fafe to have recourfe to two or three turns 
of the crab, at which a fmall” power will ferve, the ‘gate being nearly in 
equilibrio. 

REMARKS, 


According to my notes, the overfalls of the draw gates are about eighteen feet above 
the floor of the great gates. The floors of the turning gates are propofed to be one foot 
higher than that of the great gates, and being fifteen feet above the floor, they will pén 
in fixteen feet head of water, which will be fully fufficient for the néap tides, at which time 
thefe gates are principally fuppofed to be of ufe. When the full head of eighteen feet is 
to be penned; the water is to be ftopped from going over betwixt the top of the turning 
and the crofs beam, by flafh boards, and as on all occafions the draw gates are to be firlt 
opened, by fuch time as that is done the head of water will be a off to the level of 
the turning gates which may then be difcharged alfo: this being judged more fafe than 


to raife the turning gates to the full height of eighteen feet. 


Auporpes J, SMEATON. 
18th June 1771+ 
Us ESTIMATE 
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ESTIMATE for ereéting one of the Turning Gate Sluices, propofed at Dover Narbour, 


of fifteen feet water way, by John Smeaton, Engineer. 








To ereéting a dam of rabbetted piles fo as to pen the water in the bafon to its es 
proper height, and defend the foundation of the fluice from the rife of the tides, 
the timber work being fuppofed to be completed in place at 5s. per foot - 400 0 
To a fimilar dam towards the outward harbour to pen out the neap tides from the f 
foundation - 4 . + u 400 
To a horfe engine for draining the water, complete — - - 150 = 
To piling machines and other utenfils - = as . 4 
Preparation - £13,150 0 o 
N.B. The materials of the dams together with the engines and utenfils will 
be equally ferviceable in the fecond ereétion as the firft, and at laft fell 
as old flores. 
The FLOOR. 
To 1008 feet of fir timber in bearing piles, fuppofed ten inches fquare, and cight £ 5. d. 
feet long, preparing, fhocing, and driving included, at 4s. per cube foot - 201 12 a 
To the main fell of fir timber, framing, jogling, bolting, and laying down, con- : 
taining 175 feet, at 5s. - - - 43 1 
. . “J 
To 648 feet of fir timber in the common fells, preparing, levelling the pile heads, : 
and trenailing down, at 3s. - - = is 
To 180 trenails of 12 in., at 6d. s 2 4 pa s4 4 
To 972 feet fuperficial of four inch plank piling of beach, elm, or fir, at 3s. - on 16 A 
To 150 cube yards of chalk rubble, to be rammed under and between the fell tim- 
bers, at 38- - a 
. ‘ os " i 28 
Lo planking the floor, containing 1060 feet fuperficial of three inch fir plank to be “ad 
lathed and put together with tar and hair, at 1s. 6d. - - 7910 0 
To forty-two feet of oak timber in threfhold framing, laying down and bolting, 
at 6s. 4 * 2 2 - : 12 12 
- ° 
TRON WORK. 
a owt. rs iron work in bolts, plates, &c. for the main fell and threfholds, at 
+ per Ib. ms é 
is deiigk: ‘ - - - 22 8 o 
To 12 cwt, of fpikes for the pile planking and floor, at 36s. - pee 21 12,0 








Total of the floor - £651 9 





—— 


The 


° 
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The SUPERSTRUCTURE. 


MASONRY. 
LK de 
To 10,638 cube feet of Portland {tone to be fet in pozzelana * or terras mortar, at 
3s. per cube foot, all work included - - = 15595 14 0 
To 9,754 cube feet of rubble backing, the mortar to have a mixture of pozzelana 
equal to one-third of its proper quantity 0 , at 1S. - - 48715 0 
To an allowance of 3d. per foot, upon the -a for dreffing ftones, for paying, 
letting in cramps, &c. containing 1,908 - - - 73 17 0. 
IRON WORK, &c. 
£nd 
To iron work in cramps 3 cwt+ at 4d, per iv. - - 512 0 
To lead for fixing them, 3 cwt, at ad. per lb. - - - 216 0 
To oil, &¢. - = = S - o10 0 


Total of the fuperftru@ture - £2,116 4 © 


———$$—< 


The GATE, VALET, and CROSS BEAM, 


CARPENTRY. 
; Zn da 
To 138 feet of oak timber in the turning poft and crofs beam meafured in {quare 
= rs 8 
in place ati6s. - - : 4r ° 
To 248 feet of oak timber in the ribs, clapping pofts and valet meafured in {quare, 3 
‘A = 3 2 0 0 
at 58. - Pree 
To 220 feet of two inch fir plank for planking the gates on both fides, ye 6d. 510 0 
To framing and fixing the above, and letting in the iron work, containing 423 “ 
5 2 - - 21 
feet folid, at 2s. 6d. - 52.17 
IRON WORK. 
To one ton of caft iron in gudgeons, pots, and boxes, at 228+ per cWE. - < : 3 
To 28 cwt. of forged iron work, in plates, bolts, &c. at 6d. per Ib. - es 
To 2 cwt. of fpikes forthe planking, at 363. 2 - 
Total of the gate, yalet, and crofs beam - £26515 6 
Se 
————$S— 


arts of Great Britain, at the price of 40s per 


r i t 
cata trom Ttalyt0 ore the fame quantity of terras. . 


©N. B. Pozzelana has bet Sar els each 4 preferable to 


top, containing about twenty: 
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(See Plan, Plate 9.) 





The REPORT of Joun Smeaton, upon the Harbour of Ayr. 


ye a view taken the 2d September 1771, it appears to me that t 
which is near the mouth of the river Ayr, and which falling into 
‘ part of the Firth of Clyde, upon a fo. e9f with a drift fand, is by nature badly 
" P cumftanced for keeping open, having atly a bar before its mouth, as almoft all 
: others in like circumftances are more © 7 fubjeét to ; and were it not for the : 
which being a river of middle fize, and fubje&t to great fpeats. in rainy 
drive the fands out to fea, that the furge with and north well 
and heap upon the entry of the harbour, it would be yer} 
ftroyed. Seeing therefore, that the fpeats of the river Ayr are ina n r 
means by which the harbour is kept open, it follows, that to im) rove the fame in d 
of water, which is the prefent objet, it is neceffary to attend to 
which the force of the land waters can a& with the utmott 2 
fands, and:to the forming and improving fuch artificial 
diredt tendency to prevent the effeét of the wind j 















Section of the North additional Pier 


Something for this purpofe has been done many y 
north and fouth dykes or walls, to confine the ch, 
fands, but not having been ¢ lly exe 
fo good.as it might have been; h ug 
hare to propofe is executed, that there will bea ga 
of water ata medium, yet as the action of t 
to drive them out, are the two pe are 
times and in different degrees, it 
conttant forces there will always b 
greater and les. ee Je 

oa ge 

‘The principal fault of the prefent dykes ist 
covered at half flood, tena left uncon! 


material part of the power 
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the fouth dyke being fo low, that the feas find a paflage over a great part of it, even 
one quarter of flood and the fands appearing to drive coaftways from the S. W. to a 
N. E. by the welterly winds, the fouth dyke does not prevent the fands from being wathed 
over it into the channel of the harbour, and which mutt then remain till the fpeats come to 
drive it out again. Laitly asthe north-weft and northerly winds a& very powerfully on 
the mouth of the harbour, and the feas having a long fetch from the north down the 
firth of Clyde, they have power enough to prevent the Jlarger gravel that comes down 
the river from getting out to fea, and thereby form the north bank extending from the 
north pier to the north-wet, fo as to bar up the rr ‘bour entirely to the north, the bank 
being dry at low water, and forcing the land wit -r8 to take their courfe to the weltward : 
when a number of large fpeats happen, this bank alm E dire@tly oppofing theland cur- 
rent, the bankis driven out more to the northward, 4s to admit the veffels to fteer in 
from the N. W. ; but by a feries of northerly winds without frefhes, this bank is brought 
clofer in, fo as to oblige the veflels to fteer in from the W. by N. as it was when I faw it 
andfometimes from the weft, and as this is the direétion nearly of the two prefent Heads, 
ust then going in with a {cant wind, are apt to be driven upon the north pier. ; 
Pace ue i at , a Cin aR fen ae nas F 
Papyrus TS thofe evils in pz i to build up both the fouth andnorth 
dykes up to high water mark, for by this alone a confiderable part of the obftruétions 
will be removed ; the fands will be prevented from driving into the harbour from the 
fouth weft and the fpeats and land floods being confined, they will aé& more powerfully 
upon the bottom, and therefore being preferved in one column till they pafs the heads 
they will aé more forcibly upon the north bank to drive it off, and by that means not 
only keep the Channel more to the north but alfo make deeper water over the Bar ; it is 

y of calculation to determine what additional depth will be hereby gained, but 
e€tit to be not lefs than eighteen inches over the Bar. : 











The fhape and pofition of the north bank fhews how the powers of nature are balanced ; 
and though it may be very defirable to force a paflage right through the bank direétly a 
to 7” yet this feems too great a thing to be attempted. I apprehend it better to conform 
A, é than attempt to force her, as I take it for granted it will be more defirable to 

ave 


WN. 7 deep paflage out at N. Weft than an indifferent and obftructed one at N. or 


hy 

- ‘ et 
sale was with: L view doubtlefs of keeping the channel to the North, that the fouth dyke 
was cartied out fo much further than the north, but yet it hasnotthis effect ; for though 
the feas have power enough to keep up the north bank of fuch a height as to prevent 


“* : veffels 


* 


all Bad 


———— 


fore, 


Bats 
yeflels going over it, yet being covered at young flood, it is fo low that fpeats find their 
way over it in fo great a breadth, as not to be able effetually to remove it ; by this means 
a great part of the force of the land waters.is {pent in a fruitlefs effort to do what theycan 
never fufliciently accomplifh to anfwer any good purpofe; I therefore propofe to turn their 
whole effeét to fuch a quarter as by co-operating with nature they may act with full adyan- 
tage, and thereby maintain the greateft depth of water poflible in fuch a fituation. 


This will be done by,lengthening out the north dyke or pier, towards the weft, as fhewn 
in the plan, by which means the whole force of the back-water being fpent in aN. W, 


dire@tion, and the north bank prevented from being driven in by the feas into the harbour, 





I expeét there will be more water over the bar than at prefent by at leaft three feet, and 
the direétion in and out permanent to the beft fituation it is at prefent capable of. 


The only objeftion I fee to this prolongation of the north head, is that the N, Welt feas 
will fall right into the mouth, and carry a {well into the harbour ; but as this harbour by the 
fouth point of the mull of Cantire and the north of Ireland is in faét land locked from every 
quarter, there never can be any very violent furges fuch as coafts open to the ocean are 
fubje& to ; and the quay is fo far upwards from the mouth, that what comes in will be in 
a manner fpent before it comes to the place where the fhips'lie. However, 1 apprehend 


this will be the leaft of thofe. evils the harbour is fubje& to 5 and in all artificial Tis 


we have only the choice of the leaft evil. = 


Ices makes it very difficult to form an 


The prefent irregularity of the north and fouth dy 
ed that ftone can be 


eftimate of the expenfe of compleating them ; but taking it for grant 


procured at the fame price as that employed for the new coal quay, the belbigganimake, 
will be as follows. Bee 1 2 
—— sss 
ESTIMATE for the Harbour of Ayr. 
2nd 


ains long = 363 yardss and fuppofing half of ; 
feet high and 5 feet thick, will gontain 403 ms 
cube yards at 75. = - 2 - ir 
To rubble for Scting the prefent dyke, viz. 2 yards per ere running Ot x ae 
pour fide, and 1 yard per yard running for the outfide, viz. for the whole le aan © 
zo8g yards at 6% - - > ¢ a. 
Vou. Il. 


‘The North Pier being fuppofed 165 chi 
this to want raifing at amedium 4 
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the fouth dyke being fo low, that the feas find a paflage over a great part of it, even at 
one quarter of floods and the fands appearing to drive coaftways from the S. W. to the 
N. B, by the welterly winds, the fouth dyke does not prevent the fands from being wathed 
over it into the channel of the harbour, and wh ich juft then yemain till the fpeats come to 
drive it out again. Laftly as the north-welt and northerly winds act very powerfully on 
the mouth of the harbour, and the feas having a long fetch from the north down the 
firth of Clyde, they have power enough to prevent the larger gravel that comes down 





‘the river from getting out to fea, and thereby form the north bank extending from the 







north pier to the north.weft, fo as to bar up the harbour entirely to the north, the bank 
being dry at low water, and forcing the land wate sto take their courle to the weftward : 
when a number of large fpeats happen, this b: ‘almoft dire@tly oppofing theiland cur- 
rent, the bankis driven out more to the northward, | to admit the veffels to fteer in 
from the N. W. ; but by a feries of northerly winds without frefhes, this bank is brought 
clofer in, fo as to oblige the yeflels to fteer in from the W. by N. as it was when I faw it, 
and fometimes from the weft, and as this is the dire@tion nearly of the two prefent heads, 


veffels then going in with a {cant wind, are apt to  driyen upon the north pier. 
Bo aE ve ee : 





cd 


Faget ee Capes ae . aMae 

; ae cobyio' vemedy for thof evi sin, Sto. wuild up both the fouth and north 
dykes up to high water mark, for by this alone a confiderable part of the obftruétions 
will be removed; the fands will be prevented from driving into the harbour from the 
fouth weft and the fpeats and land floods being confined, they will ac more powerfully 
upon the bottom, and therefore being preferved in one column till they pafs the heads 
they will 2 more forcibly upon the north bank to drive it off, and by that means not 
only keep the Channel more to the north but alfo make deeper water over the Bar ; it is 
not a matter of calculation to determine what additional depth will be hereby gained, but 
I fhould expeétit to be not lefs than eighteen inches over the Bar. 







‘The thape and pofition of the north bank fhews how the powers of nature are balanced ; 
and though it may be very defirable to force a paflage right through the bank direétly out 
toca, yet this feems too great a thing to be attempted. I apprehend it better to conform 
ae attempt to force her, as I take it for granted it will be more defirable to 

ave a good deep paflage out at N. Welt than an indifferent and obftruéted one at N. or 
WN. Wet. 

ee: Ra 

Tt was view doubtlefs of keeping the channel to the North, that the fouth dyke 
was carried ase much further than the north, but yet it hasnotthis effect ; for though 
the feas have power enough to keep up the north bank of fuch a height as to prevent 
Ya 1 veflels 

ay ; 
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yeflels going over it, yet being covered at young flood, it is fo low that fpeats find their 
way over itin fo great a breadth, as not to be able effeétually to remove it ; by this means 
a great part of the force of the land waters is {pent in a fruitlefs effort to do what theycanm 
never fufficiently accomplifh to anfwer any good purpole; L therefore propofe to turn their 
whole effect to fuch a quarter as by co-operating with nature they may att with full adyan- 
tage, and thereby maintain the greateft depth of water poffible in fuch.a fituation, 


This will be done by,lengthening out the north dyke or pier. towards the welt, as fhewn 
in the plan, by which means the whole force of the back-water being fpent in a N. W. 
dire€tion, and the north bank prevented from being driven in by the feas into the harbour, 
I expeé& there will be more water over the bar than at prefent by at leaft three feet, and. 
the direétion in and out permanent to the beft fituation it is at prefent capable of. 


The only objeftion I fee to this prolongation of the north head, is that the N. Welk feas 
will fall right into the mouth, and carry a {well into the harbour ; but as this harbour by the 
fouth point of the mull of Cantire and the north of Ireland is in fa& land locked from every 
quarter, there never can be any very violent furges fuch as coafts open to the ocean are 
fubje& to ; and the quay is fo far upwards from the mouth, that what comes in will be in 
a manner fpent before it comes to the place where the fhips'lie. However, 1 apprehend 
this will be the leaft of thofe evils the harbour is fubjett to 5 and in all artificial harbours, 


we have only the choice of the leaft evil. Ee «a 


The prefent irregularity of the north and fouth dykes makes it very difficult to form an 
eftimate of the expenfe of compleating them 5 but taking it for granted that-ftngs can be 
procured at the fame price as that employed for the new coal quay, the beft : k 
will be as follows. 
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ESTIMATE for the Harbour of Ayr 
2. & 


i ; If of 
‘The North Pier being fuppofed 16 chains long = 363 yards; and a , 
this fo want raifing at amedium 4 feet high and 5 feet thick, will con' ms era 
cube yards at 75+ 1 - z aa 
To rubble for footing the prefent dyke, viz. 2 yards per yard running for the har =" 


pour fide, and x yard per yard running for the outfide, viz. for the whole length ioe A 4 
108g yards at 65. . = To 
Vou. I. s 


* 


CL x54 J 
To making up the fouth dyke, being fuppofed 19 chains or 428 yards long, being 
fuppofed x2 feet thick at bafe, 5 feet at top and 1c feet high, will contain 404% 





yards at 75. - > ~ H4t4 7 0 
To lengthening the north dyke by an additional pier of § chains long or 110 yards, 
tobe ata medium 1g feet bafe, 5 feet top, and 1g feet high, will contain 1833 

yards at 75 - - - - - 641 Ir 0 

Neat eftimate Sn ee 25523 13 0 

Allow for contingencies at 10 per cent : aga 7 4 





Total = 22,776 0 4 


~ “aaa 





N.B. The prices of the above eftimate are forned epon the expenfe to me delivered of building 
the new coal quay on the north fide ofthe river, ef Jeduéting the expenfe of timber and lime, 
which will here be unneceffary. The quantities in ~efpeét to length are taken from the plans of 
Mr. Gregg to me delivered, upon a fuppofition of its being laid down by a {cale of 3 chains to 2 
inches,* there being no feale annexed to the plan; but if I happen to have taken my meafures from 
a wrong fcale, the expenfe mutt be increafed or diminifhed in proportion’ as the real meafures turn 
‘out greater or lef than I have fuppofed them. 


J. SMEATON. 


jorpes 
aad January 1772. 


$ * This is commonly marked fifteen among the plotting fcales. 


L255] 


HULL QUAYS. 


REPORT on projected Quays at Hull, 17th April 1774. 
Mr, Smeaton is defired to give his opinion upon the following queftion, viz. 


UPPOSING a platform or quay be advanced to the diftance of fifteen feet beyond the 
fronts of the ftaiths or warehoufes on the weft fide of the river Hull, within the 
town of Kingfton upon Hull, from Hickfon’s ftaith fouth of Walton’s thip yard north, 
to be fupported upon piles, leaving the courfe.of the river open underneath the faid ad« 
vanced wharf, or otherwife making the fame up folid within the faid advanced {pace :-—= 
Queere, whether this will!have any, or what effect, upon the drainage of the carfe lands 
and low grounds that difcharge their water into the river Hull, above the north bridge of 
the town; and alfo whether it will have any, and what effect, upon the wharfing or jetties 
on the eatt fide of the river oppofite to the faid advanced wharfs ; on fuppofition alfo that 
docks for thesreception of veffels are to be conttruéted in the town’s ditches on the north 
welt fide ? 


The Anfwer of John Smeaton, Engineer. 


Having carefully viewed the river Hull from the Holdernefs fluice, a little above the 
north bridge to the garrifon jetty ; and having perufed the feveral reports of Mefirs. Mylne 
and Robfon, of Mr. Grundy and of Mr. Wooler, refpectively 5 having alfo made diligent 
enquiries of thofe whom I efteemed bett able to inform me} I beg leave firlt to lay down 
the following fats :— 


low water in the river Humber, the river Hull in the greateft 


vhen it is : 
ut. That when it is “bow ae fo teh ae 


Jand floods does not fill the channel thereof (within the fpace 
half-tide mark, and then goes off with great rapidity. 
adly. That when it is high water in the Humber, the greatelt land floods make a current 


of but very moderate yelocity. 


3dly. That the fea doors of Holdernefs fluice continue fhut feyeral hours during the, 


time of high water, even in wet feafons. ay. That 





4 
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4thly. That the frontages of matter formed before, the ftaiths and warehoufes fpecified 


in the above queftion, are at a medium supe the breadth of fifteen feet and up- 
waltiat half tide. Sai 0 See aE cg 


a, 
em o> aes 
¥ 


N. B. As there was a confiderable frefh in the river, from preceding rains, on my 
view thereof, as well as a confiderable difcharge from the Holdernefs drain, 
the information whereon the three firft articles were eftablifhed was in a great 
meafure confirmed by my own obferyation, and the laft occurred upon my 
own view. 


From the above J infer, that by the great." vitvin the river in the above fpace, (which 
from former obfervations I make to be ab» ‘our feet), notwithftanding the many 
obftruétions therein, as all the natural flood wa:-:s are carried off in the bed of the river, 
without fwelling it fo high as the halfor middle tide mark, the'greateft ob{truction to their 
getting away when above that level is the oppofition of the tide of flood from the Humber, 
which alone caufes them to rife above that level ; and thoughithe feveral impediments men- 
tioned“in the faid feveral reports, undoubtedly contribute fomething ; yet thefe impedi- 
ments altogether, when the furface of the river is above half tide mark, are fmallin propor- 
tion to the oppofition of the Humber’s tide. 


adly. That the drainage of the HoldernefS and other carrs muft neceflarily be carried 


on principally while the river Hull is under the half tide mark, that is from half ebb to 


half flood ; and conféquently, as during this time a projection of fifteen feet from the fronts 
of the ftaiths above mentioned, would reft on ground that in general would be uncovered 
by the water 5 the drainages above mentioned would fuffer no fenfible change, whether the 
faid projeéted ftaiths are built up hollow on piles, or folid with walls. 


adly. Since the velocity of the water of the river Hull, within the {pace above mentioned, 
is very much flower when above the level of half tide than'when below it ; and fince it is 
a known faé,, that the feouring of rivers by land floods chiefly takes place when they run 
over the beds of the rivers at low water, it follows that the projection aforefaid, whether 
folid or otherwife, will make no alteration in the action ofthe river upon the wharfing or 


" jetees on the eaft fide. 


Jam therefore of opinion, that the propofed projection of 1 5 feet cannot be of detriment 
to either the drainage of the low grounds into the river Hull, nor to the wharfing or jetees 


” om the eaft fide of the river, even if made folid, but if built on piles, this appears to me 


to 
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to take away all colour of objeétion; and in cafe a wet dock for the reception of fhips and 
veffels be made in the town’s ditches on the north weft fide of the town, as this will pro- 
portionably diminifh the number of yeffels that now lie as obftruétions in the {tream of the 
river at low water, the obftructions upon the whole muft be leffened, efpecially at the time 
of low water, when every impediment tothe free courfé of the river is of the moft confe- 
quence to the drainage and fecurity of the faid wharfs and jetees. 


, Aull, 
xyth dprilaayy3s J, SMEATON, 


An APPENDIX to the REPORT oi Joun Smzaron Engineer, upon the propofed 
Quays and Docks at Hull, u7th April 1773. 


BEING called upon this bufinefs without previous noticé, and being through want of 
time obliged to deliver my opinion with more brevity and lefs explanation than Lotherwife 
fhould have done ; being alfo lately called to meet Mr. Grundy at Hull, who was invited 
to give his opinion upon a propofition of the fame nature, as that which formed the fubjeét 
of my report above mentioned ; [have on this occafion had a further opportunity of extend- 
ing my obfervations, and conyerfing with Mr. Grundy upon the nature of the cafe ; 
and having alfo the pleafure to, find; that when the fame propofition is ftated to each of us, 
we do not materially differ in our conclufions; yet as each of us has proceeded in his 
feparate report, to form his opinion by a mode of reafoning fomewhat different 5 
we find it will be more eafy to ourfelyes, and more fatisfaétory to our employers and 
all concerned, to deliver what we have further to fay, accordjng to our own words and con- 
ceptions : And I find no reafon now to deviate from any material fact or opinion contained 
in my faid report of the r7th April laft; what I now offer I fhall confider as an appendix 
to that report, and in further explanation and confirmation of the eonclufions therein 


contained. 


In Mr. Grundy’s report of the 14th Oétober 1773, he has given the admeafurements 
of Hull harbour or haven from the outlet thersof at the garrifon jetee to the north bridges: 
at thirteen different places; which dimenfions, as I doubt not of their having been taken 
with all due care and fidelity, I beg leave to refer thereto, and found myfelf thereupon. 
The firft and the two laft ‘of thefe admeafurements lying without the limits of the pro- 
pofed undertaking, I put on that account out of the inveftigation of a mean feStion of the 


Barone. I think 
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I think it right, however, to take the feveral capacities within the limits above mentioned 
altogether, andydraw the medium from the whole; and. not from the moft contracted 
places(Only ; becaufe the feveral parts can obftrué more orJefs, only in proportion to the 
contraétion along each fpace refpestively, the fum of all the obftructions being made up 
of the fum of all the parts taken feparately, 


The meafures oppofite the three interior jetees, contained in numbers 3, 5, & 7, being 
contrattions of a peculiar kind, without appearance of real utility, I clafs them by them. 
felves, and then taking a mean of all the remainder, viz, 2, 4, 6, 8, 9, 10, & 11, I 
find that by proceeding to draw a mean fection therefrom, ina manner fimilar to that 
whereby Mr. Grundy has obtained a mean feétion of the narrowelt places in his report. 


2 feet. inches. 

‘Vhe mean high water line will be - - - tos 6 

The low water - - - - 12 6 

The depth at low water - - 4 59 

And the total area of the fection - - - 4100 fq. ft. 

Proceeding in like manner with the three fets of dimenfions at the faid three 
jetees, the mean dimenfions will be, viz. 

Mean width at high water “ - - - 168 6 
Ditto at low water - ~ ~ - 102 9 
Mean depth - : - . . 5 3 

Mean area of the fection _- ” . - 3573 


Now, as thefe things at prefent ftand, thofe jetees have their fhare in obftrudting the 
‘current of the water ; and fuppofing their influence equally extenfive as the former, (which 
js more than there is need to allow), the mean festion of the harbour as it now ftands will 
bethe mean of the areas of thofe two mean feCtions. 


The whole will ftand thus :— 





ae ena ij feet. 
~The mean or average feétion of the harbour, exclufive of the jetees - 4100 
‘The mean or average fection of ditto at the jetees - - 3573 

The difference - » - = > - 527 

» - The mean of the average ie - . - 3836 


Dorso 1 
Go that 3336 fect I confider as the mean fection of the harbour, as itnow ftands, when 
clear of fhipping ; and if from this we dedué what Mr. Grundy has deduéted for the mean) 
or average fettions of four fhips lying abreaft in this harbour, viz. 448 feet, we™hall 
then have a neat mean feGtion, with the fhipping, viz. 


feets 





Neat feétion of the hayen, clear of fhips ° : od 3836 
& ata medium for fhipping - . - 7 448 
iXep ains clear water way, with the fhipping % = = 4388 


The feétion of the propofed projetti fteen feet for a fufferance quay, iftmade folid, 


will, as I compute it, occupy 152 feet area above mentioned, which is fearce 4d 


part of the whole fection, with the. ig therein, fo that ‘ 
eet. inches. 
Deduéting from the above area - - = os 3388 
The whole feStion of the quay - - . = 152 6. 
There will {till remain after the quay is made, clear - ~ 3235-6 


Mr/Grundy ‘has in his report alfo given the admeafurement of the river Hull in 
ten different places above Hull bridge, from whence and from the before cited ad- 
meafurements it appears, that. the faid clear feétion of 3235% feet, mean fection of 
the river before the propofed quays fuppofing all impediments to remain, is-yet, larger 
than any clear feGtion of which the admeafurement is given above the faid propofed 
quay; the largeft of them all, viz. below Holdernefs new clough, which is below 
the outfall of allithe drainages, Mr. Grundy has now accurately computed to be 2969 
feet, that is 266% feet lef than the mean feétion:oppofite the projedted squayss Jf there+ 
fore the faid largeft feétion of 2969 feet taken below all the drainages, is efteemed: 
fufficient, no detriment can be apprehended from the propofed quay as it leaves a ear 
water way of 2664 feet more than fufficient ; but as Lapprehend this argument, though jults, 
is inconclufive, upon the principle of my own reafoning, viz. that every feétion of pou E 
more or lefs an impediment to the currency of water; fo that as impediments y only 
fedtion is relatively greater or lefs, thefum of all the impediments 


iffer i ity, as the - 
differ in quantity, as ae ea kas SME erefsre, nde eo nite 


being the fum of all the particu! 
the matter as to the queftion. 


e with a great land flood in the river, 


-two feet above the ordinary low: 
water 


‘At the time of high water of a high {pring tid 
when it is fuppofed the river rifes to the height of twenty 
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‘water line, in which {tate the fections above referred to are Tated by Mr. Grondy and 
my/elf ; it is allowed that in this ftate the quay will occupy 152% feet of the fection, being 
at ameédium 4d part of the whole nearly ; but at the time of high water even in the greatelt 
land floods, the water being then in Hull haven nearly ftagnant, it cannot in thar ftate 
be any impediment at all; for were there a fheet of piling acrofs the river, while the water 
continued ftagnant, it could have no effet. At low water alfo, as the greatedt land flood 
would be below the face of the quay, as the ground now lies, it then can be no impedi- 
ment; the impediment, if any, muft therefore be the greateft at fome point beween 
high water and the time that the tide leaves the face of the quay, which in the ordinary 
{tate ofthe river will beat or very foon after half tide ; and from a computation that 1 have 
made for this purpofe, in which every circumftance is exaggerated in disfavour of the quay, 
itcan never haye the effeét of caufing the water to {well at the head of the quays above 
an inch; and as this will be when the water has fubfided below high water about 7 feet, 
fo that the fwell of 3 an inch at that time cannot be fuppofed to have any effect upon the 
running off of the water in the fuperior parts of the river, ‘or fo minute a one that it efcapes 
calculation to fay whatit is. 


With refpeét to the difcharge of the land flood waters, as affeéting the barrier banks of 
the adjacent lands, it is evident that the pinch of the whole affair is at high water, when it 
has been fhewn that the water being ftagnant, the impediment is reduced to nothing : 
again, as the internal drainage fluices muft do the greatelt part of their hnfinefs after the 
water has left the face of the quay, its impediment to them is reduced to nothing alfo ; or 


“to fo very minute a quantity as to ju(tify the opinion [have already given in my report of 


the 17th of April aft, that the propofition of 15 feet cannot be of detriment to the drain- 
age of the low grounds into the river Hull, or to the wharfings or jetees on the eaft fide 
of the river, even if made folid. 


However, as it may be expetted by the proprietors of land, and defired by the pro- 
moters of this undertaking, that every caufe of apprehenfion, however minute, fhould be 
intirely removed or fully compenfated, it will follow, that if an addition of water may be 
made equivalent to 152+ feet, that this will at all events counterbalance the fuppofed ob- 
firu@ions ; andif the faid addition of water-way is of fuch a nature as to operate during 


_ the whole time of tide, or when the water is at a lower level than the faid quays can 
" impede, inftead ofa detriment this muft be confidered as a benefit. 


_ Now, ifbuta fingle row of veflels that now lic in the harbour are fuppofed to be moved 
“into the wet dock, and fuppofing them ata medium to occupy an area equal to 20 feet wide, 
3 and 


ye > US aa) 
and 8 feet deep, this produces 160 feet, whieh will equally opcrate at low watetas at high, 
and as it is probable that the dock will entertain as many fhips ‘as will amount to a double 
and even a treble tier in the harbour, it will follow that the ciretimftance alone of tram 








ferring a part of the fhipping to. the dock, will he a moft full and/ample compenfation for 
any impediment that can be fuppofed to arife from the projeétion of the quays, eveniif they 
were made greaterthan.now inténded. 


A further adyantage will probably arife from the removal of part of the matter before 


theaface’of tHe , that according tothe orefent feGtion now lies there’; for as the grourid 
3 g 








is ‘too’ {teep for fea 


t els to lie upon, i certainly be the intereft of the proprietors 
to remove it, in order that large veflels may, walpad at the quay fide ; this will undoubtedly 
be gradually done, and will add to the fe he River towards the bottom, where one 


foot willbe of more fervice than two near ‘“e cop. 


It is alfo to be remarked, that the difference’of'the mean fetion of the haven at the jetees 
and clear of them is no lefs than 527 feet, which is a quantity above three times greater 

a e fuppofed addition by the quays. It appears to me that thofe jetees are of no ufe, 
than the fuppole quay PI Se 
but on the contrary an impediment.to the harbour, and that they may fafely be taken away, 
or at leaft in the greateft part; and in eafe that can be effected without objection, Precom- 
mend it to be done, not only as an improvement to the harbour, but as of itfelf much 
more than an equivalent to any impediment that cam be fuppofed to avife to the drainage 


from the quay. 


The North Bridge is alfo another fubject of improvement to the paffage of the water 5 as 
upon tide ofebb from the multiplicity of timbers and obftruétions pe is a fenfible fall 
here, and as the fpaces between the crofs rows of piles for fupporting the dormant part 
of the bridge feem filled with {tones or fome kind of hard AYE above the bottom of 
the river, thofe being removed will increafe the fe&tion in this, now the moft obftruéted 


part. 
cation with the Humber by draw gates from 


me of floods to give paflage to part of the 
rgencies there is no doubt but that this 


‘As it feems neceflary to make a communi 
the wet docks, it will be praiticable on extre 


o! iver Hull th y; and upon eme! 

waters of the river Hull that way; * ie 

will be done, as it may be without detriment to the works; but as the Humber’s tide at 
2 


hich water will equally oppofe the paflage of the waters by way of the dock asiby way of 
: I become fo flow till it is got down to fuch level, as the gates cam 


the river, its motion wi : ‘ ae 
that in general its benefit to drainage can be fo fmall 
Y - 


be no longer permitted to ftand open, 
Vou, III. 


as 























| examined the 

water, Tam of 

y from Scullcoats 

he rive Hull from Hull 
2 ‘itfelf, yet the drainage 

eC till thofe impediments 


. ire a 


Bi ee ie ye MESS: 
h Y ¢ ftate of the bottom of the river between Hull 
|, I find that the bottom of the river in every place, where the 
trial to bemade, is compoled of {tones, and fo hard com. 
middle ofthesiver, that Idid not find it practicable to pierce 
me till we got down oppofite to the 
ejetee, where in the middle of the river 
ing, here the widelt part of the harbour) 
s on the wharfing on each fide; 
lude as before; ity Sof tide fof ebb. will be 
below the face of the quays, that the:eaftern wharfs and jetees will be 
b | that were the current much ftfonger than it is, it.could make no 
de the river above’ Charch Lane jetee, and below from the in- 
Current has a lefs tendency to make an impreflion, which tendency will 
fides by the ftones, in like manner as now that the three internal 
ilar fet of the current are of Wiffervice to the wharfing taken 

, the ftones will remain a better defence to 

Tes oe i Sew 
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HULL DOCK. ae 
The REPORT of Joun Smearon and Joun» Wooter, Engineers, “upon 
the {everal Matters referred ‘to their Confideration by Witt1am Waker, 
Efq. Chairman to the Commiffioners of the Dock Company at Eiull, by 
his Letter dated the 4th Augutft inftant. 





te geile carefully viewed the feveral matters referred to our confideration, fo far as. 
the prefent ftate of the works would admit, affifted by the information of Meliss 
Holt, Turner, and Wefterdale, we are of opinion as follows : = 


uke Refpeéting thote parts of the dock wall that are bilged out of their | 
ing a length of 187 yards, or thereabouts, we are informed that the 
they ftand was not only more foft and fpungy than any other parts ock, 
part being raifed the latter end of a feafon which turned out rainy and wet, the mafonry 
had never an opportunity of drying or fetting to that degree of firmnefs that otherwife: St 
would have done ; and further, it appears to us by the report of Mr. Holt, as to! 
depth at which the whole was founded, videlicet, nearly even with the exc 
or bafon of the dock, that the greateft caufe of failure in this part was ¢ 
a fufficient depth below the general bottom in this foft ftratum, fo that the 
fiftance of matter before the foot of the wall might be a fufficient count 


the bottom from preffing forwards, and at the fame time raifing the 


‘And as this appears to us to mnt NOW 
remedy, we fee no certain method of preventing its going farther, 
down the whole length fo bilged, and new founding it upon fafer 
this will be attended with a confiderable lofs of time, as well as of 


the following confiderations to the Board :— 








+ 
In the firftiplace, we are willing to think that this lerat 
pened, if the bottom and fides of the bafon had been charg 


weight of water intended to be pent therein; that is 


water, Secondly, we are of opinion, that the 
up to its proper height, may afford the means of p 
and in all probability would have the defired effect, 















































he 3 for if any 
‘as now, and if jt 
sQn th head therefore 


plug holes cut through 


height for a fortnight at 


t er one : bbs, ‘but to bring’ the flrain 

“i t i Re 3 ie ea to ebb out five of fix feet the 
out as low as the former; and after this, in th 

veh sof the tide to Tet off by the draw hotties in the lock as about te 

C! 


thing fhall appear to pesibie it; 
all the time in each tide 
the time the tide has re- 


a. SER ee 


pie one ieee in a oe wall, for about twenty feet in 
weltern bilge Gwhere ‘the top of the wall is got out 
in ete ce the bottom part. below the off-fets is 
E nal part; which part being of confequence 
h ea By way of giving it an equal chance with 
to form an artificial 
To if Rape brought into the dock by lighters, 
han the fet-off, this buttrefis by its weight 

and prevent the bottom Prom rifing ; ‘and Should the 
sti ore ftones be found materially in the way, they 
. place otherwife fecured_ in fuch a way as to be 
aed any ge this se may be araides without 





~ Walton's ways or frontage belore 
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not having the buttreffes or counter-forts much nearer together ; in confequence 
fo great a {trefs lies upon the prefent ones, as in the bilging parts of the walls 6 
produced a thorough feparation between the wall and buttrefs. There alfo apy 
deficiency in the walls, in the omiffion of a proper quantity of throughs or large bond 
which ought to hate been diftributed throughout at due diflances, in order to tie the b 
work properly together. We alfo,beg leave to mention another difadvantage attendi Pa 
them, and that is, in not feating their bafes or foundations a couple of feet or there. 
abouts, deeper in the ground, or in other words, below the general bottom or floor of 
the bafon, in order to ‘afford them the proper abutment or balance, when their waghh, 
the earth they retain, comes to act with full force thereupon, — 





































joined fo that of t 


The fecond point referred to in the aleve) ter is the rifing of the floor of the 
the middle, which we beg leaye to obfe) = -fies from a natural caufe, a will net 
dofo, more or Iefs, according to the fi innefs of the ground upon whi 
the ftrength of the timbers which compofe it, joined with the perfea 
walls which form the lock, From the information of Mr. Holt, as Fi 
ion of the timbers employed therein, we ate of opinion, that the floor 
too flight fer fo maiflive a piece of work, which occafions it to {pring more th 
otherwile would have done. This [pring or rifing is in general about two 
near the threfhold of the gate where the floor is double, but in 
chamber it is about three inches, but in the aitermoft or flern-g 
breadth or width,of the floor is fix feet greater, the {pring or ifing is fo 
are therefore willing to hope the whole floor may remain or continue 

be apprehended therefrom, ha 


that no further inconvenience is to 
faellity of opening and thutting the gates. ‘We had them tried 
fouth of the ftern gates, move fomewhat fifly, 


the head gates, and : 
the water will be likely to produce an catement, both by fetting down 
floor, and buoying up the gates, we cannot recommend an alterati 

tried, an@then it is poflible feveral things ma i 
latively be forefeen. Refpecti 
well built; weshowever © 
Strength in the foundation timbers. 


diftributi 


mel to make the 


We Wade. a 3 rough fketch of the ait adjacent. to 
that to | make all poflible convenience the Dock Company _ 
his 
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Tn anfwer to the fourth, regarding what is further to be done for the completion of 
the plan, we apprehend that the dock in its prefent flate is wanting in fome effential 
shatters, the principal of which is the means of fcouring it from the filt that will un. 
doul tedly gather therein, by taking in the muddy tides from the Humber. Had the lock 
‘been made with gates pointed both ways, that is, towards the river ds well as to the 
Jand;foras to’ fhut out all fuch {pring tides as would» rife above the gage height of the 
conftant water in the dock, much of this would Have been excluded ; alfo the depth of 
the dock being fuch as to retain four feet at low water, and bting in breadth 255 feet, 
~ Weare of opinion that no feowers from any pratical refervoirs can take place, fo as to 
Ps clear the filtinto the Hull, it therefore remains, that by introducing the current of the 
, river Hull. at low ‘water, (and particularly when there happens a frefh in the river at {pring 
» tides ‘in the fummer), to pafs through the dock by means of a canal down towards the 
6 : Humber, this clearance with the aid of men may be effected, which canal muft be dug 

to adepth at leaft equal, or indeed rather of fuperior depth to that of the dock, with 
4, faitable fluices or locks thereon. 
Sei , 
_ The four draw-gates now formed in the crofs wall at Beverly Gates, amounting together 
wbreadth of fifteen feet only, we look upon as infufficient to let all the current from the 
a Il pafs through, that may be introduced to advantage, unlefs fuch a pen and fall 
~ be brought on at that place as would materially injure the declivity of the current! jn its 
7  paflage through the length of the dock, and in confequence the ftrength of the fcower. 
__ ‘There being therefore a heceflity for the removal of this wall, we would advife a fluice 
~ to be ‘eretted of equal depth with the prefent great lock, or indeed fomewhat deeper, 
with a fingle pair of gates pointed towards the dock, and a draw bridge over it, for the 
Be g verly roads, a 
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At Myton Gate it will be fufficient to conftrué a bridge only of fufficient paflage for the 
water, and at Hazel Gate a fluice of fome kind, alfo of fufficient water paflage, with a 
. ' _ bridge over it. If this be made a navigable paflage even for fmall veflels, fome of them, 
p> fuch as the large keels from Thorn, &c. that cannot ftrike their mafts, will render it 
the bridges at Hazel and Myton Gates, fhould alfo be draw or moveable 
We would recommend that the fluice at Hazel Gates, if made a navigable 
3 thould be conitruéted with double pairs of gates, pointed both to landwards 
S look upon it that a navigable fluice at Hazel Gates would be found 
e followir ves 
the llagring reafons 






















‘When a confidérable trade comes to be eftablifhed upon the bafon, we apprehend it 
will be found very troublefome to open the great lock for the paflage of keels, lighters, 
i ' ; and 


—— 
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and finall veffels, as well as reduce the water of the bafon in neap tides. This defect may 
in fome meafure be fupplied by conftructing a proper lock for fuch veffels to pals 
in and out at the Hazel Gate, which if laid one foot deeper than low water ab ithe 
Humber, will afford a fufficient paffage for the {cower water, if made cighteen feet 
wide, but may be made as: much wider as fhall be thought neceflary for the Conve= 
nience of trade. 


Now, as there will be but about five fect of defcent of the furface of the water from 
the entry of the'dock at the river Hull, to its paflage out into the Humber oppofite Hazel 


2 ve look upon it that its velocity through the dock will of itfelf be too feeblesto 
Gate, we } y g | 
drive out the filt, it will therefore require to be aided by fetting in a large number of | 
men with col-rakes and other inftruments to raife the mud’ and filt, as many tides, once'or 


more in a year, as fhall be found fufficient for the purpofe of getting rid of the interme- | 
diate accumulation ; beginning in the middle, and going as mear the fides as fhall.be 
judged convenient to the fecurity of the walls, for the middle being cleared to a fufficient 
extent, the grounding of vellels near the fides will continually be prefling down the mud 


from the fides towards the middle. 


It is to be noted, that nothing but the prefent dock bafon will require the aid of men to 
raife the mud; the external paffage from the Jock to the river Hull, as alfo from the pro- | 


pofedluice at Beverly Gates to the Humber, may be kept clean by fcowers fromethe 


great bafon. 


We mutt conclude with remarking, that, with regard to the keeping thes great bafon 
poflibility of doing this by machines worked by | 


clear of mud, there is doubtlels a ; 


men and horfes, properly contrived for the purpofe 5 and though doubtlefs —— 
will be very great, and at the fame time an almoft continual incumbrance to 


re will. be very. great for the additional works above’ % ; | 
ring the matter to a computationss but aaiprwoull - oe 
up a confiderable length of time to enter intoa detail of this bufinels, a ‘ae 
neceflary for the purpole of an eftimate, we mult beg bee to cas —_——- a | 
of this matter to fome future opportunity 5, and indeed till the ig a ate be 
mentioned to be made of the dock fhall thew for a certainty W : : 

needful for the company to take in hand, 


Hulls 
x7th dug 1778, ; 





yet as on the other hand the cha’ 
propofed, it might be wifhed to bi 
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To the Honourable the Commiffioners of the Cuitoms, and the Chairman of 

the Dock Company of Ee on apap-tiulh for the time being. 

an Hull, 24th November 1759. 
WW: the underwritten perfons being feverally appointed by the Honourable Commit. 

fioners of His Majelty’s Cuftoms, and the Chairman of the Dock Company of 

Kingfton-upon-Hull, in purfuance and by yirtue of an AG of Parliament made in the 
rath year of the reign of his prefent Majelty George the Third, chap. 56, for making and 
eftablifhing public quays and wharfs at Kingftcy» n-Hall, having carefully furveyed and 

_» examined the fundry works executed by the © “ompany in purfuance of the above 
mentioned Aét, humbly beg leave to report as “liows : 


aft. That in conformity to the claufe, page 9 of the printed Act, directing the works to 

be done, the faid Company haye made the bafon or dock with a large fea lock, or double 

fluice thereupon, for the commodious paflage of veffels, in the whole extending from the 

riyer Hull to within twenty yards of the road, formerly pafling through Beverly 

*y » being as near to the ancient feite thereof as in our opinion it conveniently 
could be. 





adly. They have dug, and made the fame in all neceffary parts within fifteen inches 

of the depth of the bed of the river, as we found it at, and near to the entry into the 

bafon from the faid river, and that it mow continues of the fame ‘depth except in fome 

places near the entrance of the fluice and bafon, where the mud has gathered, but which 

‘ean be cleanfed away whenever the fame fhall become a real inconvenience or impediment, 

~ and which as we apprehend comes under the claufe for cleanfing, page 13 of the faid A& 
to be quoted bye and bye, 


; gdly. That the fame is capable of admitting loaded fhips of great burthens, as it will 
: receive upwards of twenty feet depth of water in fpring tides, and as it ftands at prefent, 










y- And that the width or breadth of the bafon or. dock (exclufive of the 

e and entry which are of neceflity contraéted) is of a medium of above fixty 
e than it}¢ould haye been if the Company had not purchafed ground beyond 
_ the ground granted by this Act from his Majefly would have 


. sthly. That 
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sthly. That the faid Company have built a commodious quay or wharf, ranging along 
the fide of the faid bafon or dock next the town, which as it appears to us is of a fufheient 
and conyenient length for the trade and bufinefs of the faid town and port, and whichiwe 
can the more readily judge fo to be, becaufe it is not only of the full length required by 
the faid A&, but of a greater length by above thirty feet than it could have been made 
had not the Company purchafed the additional ground aforefaid on the oppofite fide, being 
now of the width or breadth of feventy feet. 


6thly. That refpecting the conftruétion of fuch * referyoirs, fluices, bridges, roads, 
and works, requifite matters and things. as they (the faid Company) fhall from time to 
time judge neceffary for the more convenient ufe of the faid bafon and dock,” as direGted 
in the oth page of the faid Aét, it appears to’us that the Company have done fuch of the 
above articles as are at prefent neceflary for eftablifhing the trade and commerce intended 
by thefaid A@, upon the faid bafon or dock, and the faid quay or wharf adjoining, and 
that the {aid trade now is, and has been for fome months paft, carried on with con- 


venience. 


ythly. With refpeé& to fuch of the above difcretionary articles, as further time and 
experience fhall fuggeft to the faid Company-to be neceffary, for cleanfing or repairs of 
the faid bafon, quay and works, as it is directed by an exprefs claufe, page 13 of the 
faid AG, as follows: “ That the faid Company fhall from time to time and at all times 
hereafter well and fufficiently repair, maintain, fupport and cleanfe the bafon or dock, 
and the quay or wharf, and all other the works, matters, and things by them to be 
made, built, and provided by virtue of this A&t;” it neon to us that the manner 
of performing the fame is left to the difcretion of the faid Company, whenever it a 


become neceflary. 
Laftly. That the public being now in poffeffion of the object required by the a& to 
be done,’ and within the limited {pace of feven years,—we do therefore report and 
adjudge that the works of the faid bafon and dock, and quay or wharf, are completed 
according to the intent and meaning of the faid Act. F 
JOHN WOOLER. _ 


J, SMEATON. 75 = 
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6. To make a mole on thefouth fide of the rivers to break the force Ae 
extend the quay down the Reétory ground to the faid mole. 


Having therefore confidered how far Sir James Lowther’s intereft and pro 
affected by the above propofition, as well as what may be proper to be done: 
of the whole, I am of apinigg as follows : 


° ' ate 
if, To the firlt propofition there appears this objection ; that by extending the fra 


work down the florth fide of the River Derwent, being nearly in a direction NeW. 
compals, and the great Seas tha ffeét this harbour the moft being th from Ne 
8. W. allthofe feas will be by the fai ended frame work, and a iran 
fide the north quay in a mo jolent manner than hitherto they have done, there b 
beach ‘on that fide for them to~break and fpend themfelyes : t 

the fhips lying to load coals, &c. at the north quay and hur 

dered more Mic in at prefent, and which are now t 

part of the harbour 3 ani not only this, but at th i 

precluded from making a very capital improvement, by an ai 

north fide. 















bl ‘ 
aed. the fecond propofition I mutt obferve, that this being the property 
ci tend site frame we he north & wer Derwent. : " + Lowther, it is his bufinefs to execute + nor can I appreb d that 
, 3 i a ‘ v (ts being fixed upon the quays 
in, and preferve the quay hea f'the mive ary for occafionally hauling fhips in 





dolls mooring v 
IS 


els, &c > e places” 


the river Derwent in 









4. To repair and extend the middle or merchant in { >. 
ie Stet nn. = _ “Sra “a is Not 
ie veteh ae third T do not fee any re ole « be donelo as not 
shel — it ree courte of the river | 
i ‘open, . Ww cl efouth gut mill race, as far up as to a po! cou : 





in Smith’s houfe at th 
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~ 6th, T alfo fee no objeétion on the part of Sir James Lowther to the works. propofed ; 
thisirticle, provided the head of the faid mole be terminated at the place marked out in « 
plan for the termination of the faid mole or pier on the fouth fide, which place is nea i 
the Tamte as Where a heap of ftones were placed, which were fhewn to meas put there . 
the dire&tion of the gentlemen of Workington for marking the place of the head or a 
Taggers ‘of the faid intended mole ; and provided nothing be contained in the a& to prohibit 
Sir James Lowther from building a mole on the north fide, whofe head or termination 
AES ‘thall be tefpecting that on the fouth fide, the fame as is fhewn im the plan, that is, ina di. 
yeétion nearly N. E. and §. W. from each other by the compafs, andvat a diftance not 
exceeding 200 feet. : 

; I come now to deferibe the improvements the f sould propofe to be made by Sir James 
Lowther on the north fide ; and look upon it that ‘ie {pace propofed to be inclofed by the 
new projeéted pier on the north fide will be the moft proper ;.and which appears to me by 
far the moft improvable and’ eligible fituation ; for, from the foundings taken, there will 

be here nearly three feet more water than can be eafily obtained in any fituation further up 
the river, which is "indeed a very material confideration, becaufe at common {pring tide 
th may be made here by deepening the ground as per eftimate full fixteen feet water, and 
as | e Meas are faid to run about four feet lower tham the {prings, there will then be full 

» twelve feet water, equal to the draught of the largeft veflels that now frequent Working. 
ton harbour as I am informed ; an advantage either to the movement of the prefent veffels 
oF to the reception of larger that I need not infift upon. ; 





_As the bringing outa new mole from the land at high water mark will of itfelfbe a work 

of confiderable expente, it feems proper, in order to reap all the advantage that may be 

from it, to give the area inclofed a competent breadth. “The breadth inclofed/here is pro- 

~ poled of about 200 yards, which feems fufficient to contain every improvement that can at 
: | prefent or in future be requifite at this place. 


_ This difpofition will alfo be ayvery confiderable improvement to the ftillnef§ of the water 
_ at thepkefent quays ; for inftead of the feas after they have. entered the outward heads 
a 8 2 along the facevof the north mole, as would be the cafe if the frame work were con- 
‘ oie to the fame point ; by the fpace being left open between the propofed north head, 
the prefent inination of the north frame work, the weight of the fea will in part 
USES RADE ee tely meeting a floping beach, will there be broken and {pent, in- 
of b cae from one objeét to anotfier, as is in a gteat meafure at prefent 














Furthermore, 


ee 


[173 J 


Furthermore, the feas after paffing this fecond opening, finding fo very confidetable a 
fpace to be expended in, the veffels arranged alorigfide the interior face of the pier will leim 
a quiet harbour, and in failing in they will conveniently bring up by coming upon the 
floping ground of this new harbour, and this I apprehend:is the whole of what may™be: 
originally done: But if the {pace comprehended»betweem an interior wharf wall, and 
the N.E. fide of the pier, be dug out to the greateft depth propofed, and thus fe- 
parated from thereft of the floping bay, the feas that will be propagated through 
this laft contraéted entry, will be fo broken and difperfed, that the vellels will lie 
comparatively {peaking as fill as in a pond ; while the outer bay or harbour will 
remain fufceptible of any other improvement that may hereafter be fuggelted ; and in the 
mean-time be a receptacle for {maller veffels occafionally coming in to take refuge. 


It is apoflible thing, though not cer: hat the fands that drive coaftways from §. W. 
to N. E. may in part’get between the outward heads, and meeting ftill water within the 
opening between the north pier head and the termination of the frame work may fubfide 
and lodge there; and being out of the courfe of the Derwent at low water, cannot be 
driven out thereby : for remedy whereof, if this fhould prove to be the cafe, T would pro- 
pote to conftruét an under-ground tunnel of five feet wide, to communicate the head 
of the interior harbour with the river Derwent above the iron works quay, ay which 
fpace there being a confiderable fall at low water, fuch fands would be driven out 
thereby again into the courfe of the Derwent, which will take them beyond the outmol 


ads. 
ag J, SMEATON. 


Aufthorpe, 
8th January 1777- 


4 
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ESTIMATE for building a new. North Pier at the Harbour of Workington. 
2 nek 


To the building of 50 rods of the pier on the north fide, beginning: from it ee ‘bs 
head, to be of the mean height of 21 feet, 36 feet bafe, and 30 feet top, witha ee PY eS 
et high, at the price of L114 perrod, - Br 57! ; 


% 








arapet 6 feet bafe, and 9 fe 4 ‘7 
To built 38 rods of the pier; to be the fame Hide as the former, oe i. og a 
formable dimenfions without, with parapet mean height 5 feet by 4 feet thick, fe * Se. . 
£79 per tod - - : = ca a 
» ae - 


Second REPORT of Joun Smparon, Engineer, upon the Harbours& 
Workington. : . 
a, 
> r 
Se ., 7 a @? : 
JURSUANT to the requelt of Sir Jamtiés Lowther, Baronet, fignified tome the 
of September aft by Martin Dunn, wire, I took the opportunity upon the 2 
cember laft to reinfpeét the harbour of Workington, attended by Mr. James Spedding and 
: mpfon Ship matter of the faid place; and the fubject of my prefent ew being, as 
{fated'to me by Mr. Dunn, to confider by-what means the entry into the prefent’h 


might be belt frail accordi 1. fach obfervations and enquiries of the gentle 
~_ men who attended me, as tended to 
meafures as appeared neceflary for the fu 
rame work were extended in fuch manner as’ 
lative to the enginecry part of the prop 
‘ribed in the beginning of the claufe m 
likely means of facilitating the entry of the harbour; the defo 


_claufe is as follows : “ ‘And whereas it is apprehended it willbe ufeful for the naviga 
“eof the faid river, that the faid frame work of the north ~ faid river fh b 


« tended and carried downwards from the north-welt end 
; 
f, the to 








cA ee 
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tides alfo the pile work propofed to extend from the termination of the intended extenfion 
to the low perch, being defigned folely for the keeping the water in its prefent channcl « 
it appears to me that this work may be deferred till the river has fhewn fome fymptoms of 
its being likely to change it; for as, according to the accounts fet forth in Mr. Jeffop’s 
report, ithas continued in this channel fixteen years ; and the channel itfelf is now formed 
in a very compact bed of gravel to a depth from five to fix feet below the general furface 
of the flat gravel beach to the north, with very gradual flopes on. the fides, it does not at 
prefent appear to.me very likely to change its courfe ; and unlefs pofitively neceflary, the 
pile heads propofed to be driven may occafion’damage to fhips if they fhould happen to {tick 
upon them, if they fiould be driven out of the channel, when otherwile they might not 
touch, or elie ftick upon a’ gravel furface much nearer to a level. 


Tralfo appears to ine that the propofed extenfion of the frame work will add to the fecurity 
of the channel’s remaining where itis, without the ufe of pile work; and that in cafe the 
funds will not properly allow the execution of the whole ofthe propofed one hundred yards 
at once, that fifty yards may be firftdone, which will alfo afcertain the utility that may be 
expected when the remainder is executed at a future time ; for this reafon, and as the pro- 

iety of the execution of almoft every thing depends upon what it will coft, T have very 
carefully confidered the probable expenfe of extending the frame work per yard ruuning. 
The top to be three feet higher than the prefent frame work, and the folid’'to be four fect 
lower than the folid of the prefent frame work, which will obviate the objection to the ex- 
tenfion of the frame work (according to its prefent dimenfions) contained in my firft report 


~ of the 8th January 1777, and fuppofing the extenfion to be carried on ina firm and fub- 


flantial manner, with Riga or Memmel fir balks of twelve inches {quare for the main tim- 
bers firmly bolted together; and the frames ato more than five feet diftances middle and 
middle; this 1 make to amount to the colt of £1 3 4s. per yard running, ‘and therefore 
for 50 yatds £660, and for the 100 yards, to #1320. 


This work may be donelat a lefs expenfe if done in a lighter manner, thatis, with tim- 


bers of lefs fcantlings, the frames at greater diftances, and lefs iron work ; but the favings 
~ that will thence arife, I cannot recommend. 
"> 


Sat } TON. 
38 Mars. J. SMEA 
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PLYMOUTH YARD. 


To the Commissioners and principal Officers of His Majesty's Navy. 


The KEPORT of Joun SMEATON, civil Engineer, upon’ the defective 
Works in Plymouth Yard. 


ToNOURABLE SIRS, 

CONTORMABLY to the matters fuggefted in your letter to the Right Honourable the 

’ Lords Commiffioners of the Admiralty of the sth April laft, a copy of which you 
were pleafed to put into my hands, and agreeably to your requelt to me ce ree 
[have viewed the defective works in Plymouth Yard, and having been con + se an se 
view thereof by the officers of the yard, I beg leave to report to your pa uc ia: 
thereon as by their appearance in their prefent ftate, aflifted by the pg pee = , 
| am enabled to do; and haying viewed the whole range of wharfs and frontag: 


oe fouth part of the yard to and inclufive of the Graving 


works from Mutton Cove at the 
Place, my obfervations were as follows : 


1ft, That the cove, formed at the fouth part of the yard by : paring ee be 
ie kK dation to the height of about eight feet with Fort! ’ 
arc or Bet feet to three feet fix inches in bed; and which being flat 


in front, of a breadth from three oe 
ae aad fet interras mortar, appears to ftand firm and unmoved. Above the heig 
J 


forefaid, theexternal of the wall both infide and out are built with limeftone ae 
anion” e foot height of courfe or thereabouts; and faid to be in be ; 
ta which were alfo fet in terras mortar; but on the outfide prin- 
he Portland blocks, the marble afhlers 


afhlers, ts 
fourteen to twenty inches, whi 
oe ae oe a ® ae ee as can only be accounted Ae by a 
pai we i taken place at the fame height, and Bo from accidental viol “. 
ee r d though this bulging is moft con{picuous in the circular ee cs a 
. ae EE yet the fame kind of appearance extends in a oa ‘ eet 
a eae jer abave mentioned, through the ae py i a re ’ 
wind before the maft houfes 5 and as th U ig 


e greater length o! : a8 Bee! 
i «on: and as that on the timber is in gen 
on a timber foundation; anc ee ule 
2 eet. of bulging as that built upon rock, I muft conclude th \ 
rom. 
Vou. Il. 


/ ing 
Aa 


: ; { 179-1 
of the w 1 throug] hout this diftri been occafioned ert. : ‘ Pate ; ws 
KE : $ : q with earth fi r alls, are in better condition than thofe behi 
which thofe walls, like a part of thofe againft the mafk pomay 

front of which has been celoyetas ie worms. 
3dly. Refpeéing the ar ticle of t 1e deftrudion of the fouindat 

‘ : OW it ap- Imuft remark, that the pr oper a and. effeétual remed has alread: 
Or) os / Of Mortar made and artificers of the yard, viz. That ‘of laying a foot of ibble bela th 


cot ad sg 
“ i rac * 7 , er into a hard : engage the mud, warp, and fullage to cover them, fo Kgs - fa co 
fhews that the worm cannot fubfift to hurt them. all : 














been built on timb 
ay, be called 


been t fa 






pea s 
vith lime burnt from Plyn 
t intly under wate fubject to be fre 

in < ) requently by the return 











rd after ome degree of 1 1 in fi  fetting, 





No part of the work 















to th nent i et = ; all fallow, we pier les on s into the fouth channel; though this has been by with ortla : 
5 ypon. the interior p c -§ re Ip onsmatter PD is Toft 5 the bottom to the top, it does not swant for] a 1 | 
s endeavour is to b ' es a Portland blocks have not only like the reft been “walle 
eighty, have bee F Being large, et of thi Ce ‘the backfide « 
being | att and j as : 4 i “pa i F Pe = ilt upon plank an pile, which in Ii 1€ ; 
ual y " re i is a i aH 1 f i ; ‘ “aig (and tal  deftroyed by the worm, and which in like manner ume other has it | and a 
m enough t * it the he i ait a as — hey have ’ . footed with rubble, fo that in that refpect it may be faid to be fecured. = 
es ‘hi A aatgieienc io Me ON ai : t been : however of the backing of this pier, was like the reft done with rubble wotk in¢ 
1 eh uate pa ae ts if the walls now mortar, and which probably aided in a degree by fome kind of fettleme t from t 
ier * : eer Ee ; ” of rubble Qi “of the foundation, as well as from the deftruétion of the timber f a 
We fae cuar. : hof ; a reat an effe&t by endeavourit burft the o : 
iio t ; and blocks it has yy 1 ae bed 
ba ote a : > ; Gein itis though from the largenels of the = of Portla é 
ee a aoa ; ae al bearings, t : he nan is work having b 










; sriginal ft pee Ceo ly and as alr 

con Lt its orl nal or C t¢ l- S hs 

; Sy Ne greate, to make them - ve the artificers of the yard, i nb 
“4 a 3 cal dcudaicy gad ty Ar : a work is now come fo fuch a fettlement an bea 


Jaftin S 


1 took notice of one place in the wall before th 
ulzed, bumthenbihne tad’ oper 
fair with whicl 











the top) to full 


ol 1 ut 1] feet a 





| obfervatior 


vhich 


for veffels to | aintt th 





ithe 






is remark, that the wharfing frontin g the flips, 





r confi 























: aes - : 
f roughont this iftric has not 


age YR 


Seo 


ten oc 
3 eget? 

: i — . 5 . + ps ae Ste 
head Tam informed, that the backing, or what may more properly be called 
the two outfides, (both Of which were fquared ftones fet in 

























ly de with rubble mafonry,~ built wi ommon mortar, Now it ap- 
ne from the she Rgenpernacd that no compofition of mortar an: 
‘ t from Pl mouth marble with common fand will ever concrete into a hard 
if confl und. er, or Lurbjed. to be frequently wetted by the return 
after geil tome degree of induration in firlt ferting, 
oming 24 which never can happen to works thus ex. 
t e ides. © Pefequente that naturally follows, is, that 
s that are upon th ntetior parts oF = works refting upon matter that is foft 
oat deavour is to burft the externai coat; the Pordand blocks Being large 
and weighty, have been able to refift the ation of the femi fluid contents ; 
le afhler being lighter and lefs in fize, with a greater number of joints Gi 
| ies are lefs clofe behind than before) though they have 
| firm enough to prev joints from being a€tually opened ; have not been 
It to a th elling which conftitutes the bulging of the walls now 
d the backing of thefe walls been performed with the fame Kind of rubble 
I 2 that was really led, Said ina mortar that would grow hard under water, then thofe 
n could not have happened from the canfes above-mentioned. If alfo the 
sen ce¢ with brick: and common mortar, as the jcints would mate been 
ely all, and all the matter reduced to horizontal bearings, the a@ion of that 
n of wedges, compofed by rubble, and laying in every diveétion, and aided 
m asin its original ftate like greafe, to make them flide, would have 

as the lateral tendency to fpread thence arifing. 
t fore the maft pond, where the marbie afhler had 
ad opened on the backfide next the pond, wheresit was 
se generally the cafe ; but this was accounted for by a heavy 
i On this occafion I muft oblerve, that thofe walls, 
o oe backing of earth lying againft them (which together 
iteft part of the fhock)/appear toime too flight in point 
tat the top) to fultain the thocks of yelfels in hard 
ffels to lie againft them. This obfervation will ap- 
g fronting the flips, which are filled up 
: ‘ swith 
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with earth folid behind the walls, are in better condition than thofe behind 


which fland fingle; though thofe walls, like a partofthofe againft the matt pot 
been built on timber, the front of which has been deftroyed by the worms. 


gdly. Refpeting the article of the deftrudion of the foundation, timbers by they 
Lmuft remark, that the proper and effectual remedy has already been taken by the offic 
and artificers of the yard, viz. That of laying a footing of rubble before them, fo asto 
engage the mud, warp, and fullage to cover them, for being fo covered, all experience 
fhews that the worm cannot fubfift to hurt them. ted 


pier leading into the fo 
the bottom to the top, it does not want for backing of earth, is of a cireular figure, an 
Portland blocks have not only like the reft been walled with terras mortar, but ac 
portion of,thicknels of the rubble on the backfide of the wall has: t 
alfo. This part is built upon plank and pile, which in like manner as t 
deftroyed by the worm, and which in like manner as the other has been underpini 
footed with rubble, fo that in that refpect it may be faid to be fecured. The middle p; 
however of the backing of this pier, was like the reft done with rubble work in con 
probably aided in a degree by fome kind of fettlement from the 
of the foundation, as well as from the deftruétion of the timber foundation | 
has had fo great an effect by endeavouring to burft the outward cafe, which though of 
Jand blocks it has by fpreading opened the upright joints in feveral places to the iF 
of two inches, though from the largenels of the beds of -Portlaty it dbesinot app : 

haye bulged in any confiderable degree. This work haying been underpinned and footed 

as already mentioned, and many of the joints filled up with thin ftones in terras mort 
the artificers of the yard, it would appear from thefe joints not opening aff h 


work is now come to fuch a fettlement and bearing, that being ma de 5 as 


it may be likely to prove lating. 


mortar, and which 


6thly. The north pier of the fouth channel, together with! 
graving place, have been all built in a fimilar manner @ 
channel ; they are underpinned and footed with rub! 
the worm, and haye fhewn thernfelves fubjeét to Wn 
in an equal degree 5 and which have been. alfo I 
open upright joint in the welt face of the fouth head o 4 
nearly upon three inches ; and one of the eo frones F 
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jel are grea d below the high water mark 

a ane the have been twice ¥epaired by the Pacers 
e fteps at the head of the giaving place have been 
I artificers, there is fomething wrong’ in the original 
Sto me to have been a want of folidity of thicknefs in the 
fteps have abutted; anda want of cramping the fteps to the 
ich, t rior part of the folid or backing work upon which 
in omnon mortar (except that part behind each 
P next above is fet with brick in terras mortar) and 
of falt se ehom the main wall, this wafhes out and 
ae at the leaft degree of froft will renda-work of this kind, 
ht é with the materials under the circumftances mentioned. 


d wastthe clerk of the rope yard’s office, which as I am inform- 
c “2 fettlement has taken place in the whole except at 
ps Dag whole ‘front would have ftood fair. ‘The 
yall of a refervoir which is upon a rock ; is 
‘Been built upon planking, which having decayed eae =. Ks 
mcs took place, amounting to about two inches and a half meee della, 
ely eBay it is moft naturally accounted for as above. On 
é, that it is generally accounted the moft difficult of all foundations 
jon a rock, and partly upon a fofter matter, becaufe here being 4 
is one of the moft difficult problems in architecture, to forma judge- 
ful icial flrengthening, to make it equal with that of 

nc 1g is mmon expedient, and where 
e fubject to drying, it appears 
n u ; but where laid in loofe or made 
may be prefumed in the prefent fituation) it appears 
of years, d therefore to comprefflure. A much 


muRe planking. The whole is only a 
filate years, the rebuilding of the 
the ta it to the chamber 
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oth. Having faid as much upon this laft fubject. as feems neceffaryy u 
matter of a very different kind from all the reft, I fhall now lay it out of the 
proceed to further obfervations upon the reft. Tt appears to me that the general 
of all the failures in the works before fpecified, have been a want of perfeétion i 
of making mortar, and a knowledge of the proper materials from whence it is beft 
compound it, for works that are either conftantly under water, or in fuch a fituati 
where they never can become dry; nor can this be properly afcribed as a fault to any 
one, as the firft inveftigation of this bufinefs was, brought forth by neceflity thirty years ~ 
ago, in the building of the Edyftone lighthoufe, and though the fame compofitions and 
methods have been applied and improved in my fubfequent works ever fince, and con- : 
the refpettive artificers employed, but always freely com- 
| che knowledge thereof, yet not. having be pub- 

“ay far from being generally known- 






























fequently known not only to 
municated by me to all fach as defir 
lifhed, I find even at this day they are 


rothly. As I have already intimated, I lay it down as a 
compofition can be made with lime burnt from Plymouth marble, no 
the nature thereof, or of common white chalk mixed with fand, w ich. com) 
common mortar, that will ever acquire a ftony hardnefs under water, or where it can be pe 
moifture from the daily flow of the tides. But lime dro! 
halk when reduced to a dry powder (as ufual bs 
(by meafure) of Dutch terr ; and wel 


petually fupplied with 
fame kind of ftone or ¢ 
mixed with half its quantity 
many days fucceflively, without : 
is firtk fet in building, which it generally fpeedily does. Tv 
called terras mortar, has been in ufe time immemorial, 
gently applied, very found and good 
mortar will never acquire the hardnels l 
experiments been able to attain = is lime ufe or tera nes 
of the cheapeft kind, yet the terras is fo dear a material, Tevteg ecu 
from three to four fhillings per Duthel in the light dry powders ans © 
made therefrom is fo fmall, and that with fo. great an h 
(in general nearly half the value of the material) that 
ufed: in terras brick-work, one ck in 
” fufficient, very rarely. more than a b 
inches and a half of the joint within 
the works of his Majelty’s dock yards, 
terras mor ™ 9 : 

























































lpg nduend the backing as it 
mn + but brick has for 


F aule the thicknefs of 
: upon another, they fup- 
“ad 3 and this kind of work 
ve time to the mortar to 
{ ding the King’s docks ; 
i . walls which are 
5 OVE whole every tide, the com- 
hardnefs, but when covered up by the 
e kind, though thereby defended froni the imme- 
Hever. in ap Jength of time where I have had the oppor- 
ae Caupletes, acquired more than the confiftence of com- 
beating will become mortar again*fit for the trowel. This 

ming to the moft fevere trial of any, we muft not 
‘icthews fymptoms,of internal weaknefs : 
send, with credit to the artift and artificer, 
on of mortar for fuch kind of works, 
Side = hardnefs of ftone, and that without 





D n for me has in its iffue led me to 
: ye would be ti ious as well as not to my prefent 
lat_as all pa < there was clofe jointed, the expen/e of 

at th th of tin ‘ 













rec was produced by 
lime aebally ufed, was of 
Somerfethhire, on the oppofite 


and is 


s in both places called 
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exceeded in hardnefs common tetras mortar, but needed no more beating thal 
mortar ough? to have ; and alfo, that this kind of lime beaten up with common fand 
out terras) was almott as {trong as the common terras mortar could be rendered by a 
degree of beating, and fperior to it, if the latter was but indifferently beaten; and) th 
falt water to this kind of lime for under water work, was as good, if not better than 

freth, which was a circumftance very material to my views at that time, _ weit ve Fell 

































14thly, It was not till fome time after this building was ere¢ted, that I found this'ff cee Se 
of lime ftone was not confined to the r\thbourhood of the,two places. mend eA Po 
it was a frefh difcovery of the moft agr e kind to find it in feyeral and very 
parts of this kingdom. This put it in my pijwer to wy further experiments, and.to ul aN 
works where a much greater degree ©! S@@gaomy was required, than in the mort 9 
Edyftone, and from various trials I fovad that two meafures of ‘this kind ; 
of terras, or Pozzelana from Italy, beaten up with three meafure rotaande 
mixed, made a compofition of equal goodnels with that of the 
doubled the, quantity, or that could be made with the fame quan “AS, 
common mixture ; and that eight'meafures of this lime to one of terras or (Pozzi 
and fixteen meafures of fand (fine and coarfe) made a mortar for backing very nearly e 
to the common ferras mortar ; and as the greateft part of the bulk of this comy , 
common fand, its price per hod in moft fituations will not mu xceed on 
that of common terras, nor intuch more than double the f ¢ 
many places where *ftone naturally rifes in flat beds, as the bl 
ufed for building- {tone in the countries where it is found) as 
and the ell and edge ftone, brought as flat paving 
as backing, where from fituation it can be) 1 
leffening the quantity and yacuity of joints even ¢ 
and thereby lefféning the quantity of mortar 
penfe of mortar to be no greater than that of the common fort 
making a ftronger bond throughout, produces firmer mafonry ; buts 
pond made in converting the, whole into one ma/s of fone, takes: 
fuch maffive ones fer the front (which is gene rally 
follows, that in all cafes of water : he wu 
“the common fort, they may be done 
well as a much greater degree of: folidity 2 : 
with the common materials. ; 


ees 
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rsthly. I callthe lime for thefe purpofes by the general name of water lime; for after 1 
found its properties not confined to the blue lyas ftone, but even refiding in a certain 

f fpecies of chalk which is to be met with near Petersfield in Hampthire, as pointed out 
in the faid Committee of engineers’ report, and which at Portfmouth is commonly known 
by the name of grey lime; but I had alfo found it near Lewes in Suffex, and there called 
clunch lime, as alfo at Guildford: and Dorking in Surrey ; but what is of moft confe. 
quence to the prefent bufinefs, as I am informed by fcientific friends whom I can depend 


upon, that the true blue lyas is in quantity at Lyme in Dorfetfhire, and I have myfelf 


obferved it not very far from thence 4 Axminfter in this county. 


. 


ie WA Ps ' 

‘r6thly. Tam fenfble I might have fpared myfelf the greateft part of this difquifition, but 
as) Thumb: yy conceive it may tend to lead your Honours into the true nature of this bufinels, 
it will in effeé tend to fhorten what I fhould otherwife have to obferve upon particulars ; 
to return therefore to my immediate fubject. 


17thly. 


rmation I do not find that the defeétive works (the flairs excepted) 
havi 


T would ue they have fettled till the parts are come into 






As from info} 











&; and the e may probably remain fo for many years, before they need rebuild- 
gs as before’ ed 5 and as the effect of the worm has been remedied in the moft 
judicious way of which, as far as I know, the fubjeét is capable; Ido not fee that any 
thing can be done more effeétual, than carefully to point and make good the joints 
e for und defective, with the beft compofition above mentioned, and when 
1 admit thereof, to cut Purbeck flat paving ftones, a very {mall 
lgewi and drive them in with a foft wooden maul, and before clofure 
with the laft pierce, to cram in as much mortar as poflible, of the fame kind mixed 
with pebbles, where the joints will take them, with the end/of a board or battan; the 
mortar being rendered a little more fluid, by a fmall addition of water. This will not 
indeed take away the appearance of the bulgin; - courfes, ‘but for thisI fee no remedy 
but to take down the walls to the top of the Portland blocks, and then if the rubble 
contents in common mortar are taken out, and the whole built in with the different kind 
of fpecified (though of the fame ftones) I hall not be apprehenfive of any further 
or fettlement, except it fhould arife from the foundation; and of that where 
no but foft matter, into which the piles can be driven, I do not look upon 










¢ i. would advife their being taken down 
build upon, and to wall the infide core or backing 
a a with 


oe el ; heres) 


[ 185 J 
with the compofition given, called Portimouth terras; made with the water linte fromuche 
lyas ftratum at Lyme: to build the front wall with a ftring courfe of at leat eighteen 


inches thick, cutting the outward {tones into fteps out of the folid ; and cramping every 
other flep to the front wall, which would be ftill more fatisfactory if thefe front flones 
of the ftring courfe were formed from blocks of moor ftones cut into ‘three or’ four 
fteps each: the fteps themfelves to be carefully bedded in the beft compofition, and 
carefully pointed, fo as entirely tovextlude the water ; and proper conduits, to be ca 





through the work, to take off the outburfts of falt Water from the main wall : the 
will become ftill more folid, if there be no oceafion to continuesthe fteps fo low, as fug- 
gefted by the officers. 


rothly. It now only remains that I advert to the queftion contained in your letter “Of ; 
the sth April, before referred to:—that is, “ whether rough mafonry at the back of " 
& the aiflers would not (on account of the irregular figure of the latter on the outfidey” . # 
<< if carefully performed, anfwer as well as brick, which being of a regular m 
<¢ cannot be fo well worked into the back of the aiflers, nor bonded with the rough 
«¢ mafonry in the interior parts of the work, in which cafe the whole would not be fo 
*© well conneéted together ?”” - 
From what I have already faid, your Honours will perceive, that the refoltion ge ¥ 4 
queftion depends upon that of another ; «with what fort of cement is the works to be Her ee 
formed? Ifit isto be with the beft compofition of water lime, as I have mentioned, it 
will together conftitute one folid {tone, and then it will be of little confequence what ay bes . 
the relative figure of the parts: and that this will be the cafe in a certain de ree, 4 dong % 
with well-beaten terras mortar, your own obfervations haye proved ; for on examination ~ 
of the back fide of walls fo built (being thofe on the fouth fide of the graving place, and” 
at the north fide of the fouth channel) though you found them * not done with {quare 
mafonry as the contraét directed,” yet the rubble mafonry in terras whepeprthaaeey, were 4 


done “ appeared very found and firm.” os. a 


Rae k 

sothly. The rough mafonry in terras has been reported by the mafter Page ae ; 
more expenfive to the contractor, than if done with fquare mafonry in terras, an this iA 
is confirmed by my own calculation, and will readily appear to “your Honours when it ; 
is adverted to, that in rubble mafonry there is at an average nearly double the quanti gee 
of vacuity that there is in {quare mafonry, even if but rudely fquared, and which 















be filled with the moft coftly of all building materials, videlicet, terras mortar. ee - 
. 5 i; 
I cannot agree with the matter bricklayer ™ fuppofing it beiter, beeaule as the ge - 
a fF 


Vou. Ill. a Bb 
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of mortar of any kind perfe€tly well beaten, may be efteemed the moft difficult part of 
the whole; I fhould always prefer that conftru€tion which at the fame expenfe ” 


the moft ft in i . 5 4 
iy Binds one in it, and the leaft quantity of vacuity to be filled with mortar of 


‘oft. If the queftion regarded dry work, as common mortar of common lime 
fand will, if well beaten and proportioned, come by length of time to the hardnefs of ft fh, 
then I fhould judge the rubble work fo performed to be equal to brick ; <n 
would then be in the fame predicament as water work performed with proper siser zai 3 
‘But if the work is fuppofed to be under waren, as the common mortar as alread “ 
reve will never come to a flony hardne™. | judge that kind of rubble work to be pal, 
‘inferior to brick for backing, as preflure will *eoke it tend to fpread, which it has be t 
obferved from their figure is not equally the cait with brick. Befides, as brick is a *1 
dry and abforbent body than marble and moft kind of ftones, it drinks up the Poti, 
and catifes the mortar to fet more fpeedily, and by that means often gives a greater * 
portunity of its acquiring fome degree of firmnefs before the water comes upon it which 
in this cafe is a confiderable advantage. I therefore cannot recommend rubble backin 
in works under water, where better materials can be had, and more efpecially in tie 
works, where there is the leaft opportunity of the mortar’s fetting by the drying quality 


ofthe air. 


oe J, SMEATON. 
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BRIDLINGTON PIERS. 
The REPORT of Joun Smeaton, Engineer, upon the ftate of the Brid~ 
lington Piers, with the moft probable means of preferving the fame from 
the deftruction of the worm. 


6) | Harbour for fhipping, formed artificially by the piers at Bridlington quay, being 
at the bottom of the great bay conftitutg¢d by the great projecting point of Fiam- 
borough Head, “with the coaft tending from thence foutherly, is not only fituated com- 
modioufly for the reception ofthe coafting traders, when they cannot make the Humber 
to the fouth, or Whitby on the north, but the piers are fo difpofed as to afford all poflible 
fhelter for veffels within them. A harbour therefore fo fituated, and fo conftructed, 
being found to be of great utility, its piers have been erected and upheld at a great 
expenfe, but they have at firft been built with timber probably with a view to the faving 
in the charge that would have accrued by conftruéting them with ftone, it has un- 
fortunately happened, not only that thefe piers are {ubjeét to the gradual decay that ne- 
ceffarily muft attend all works of wood, when expofed to the aétion of the fea, but 
alfo to a particular kind of decay arifing from the continual eating of a certain fpecies of 
worm, that infeéts the’ timber work of this harbour, greatly. differing from the common 
worm whereby fhips are deftroyed, and which is faid to have been originally brought 
from the Welt Indies. 


"Phe objeét of my view of thefe piers made at the defire of the Commiffioners for 
the prefervation thereof, the 29th, 30th, and 3rft of December la(t, was not with any 
intent of improvement of the difpofition of the piers and works, but altogether to confider 
and give my opinion upon the beft method to be taken in future repairs, and for the 
prefervation of what is now ftanding. " 


I haye now very feriouily confidered thefe propofitions, and however difficult it might 
at firit feem, I now hope to be able to lay down a very praticable method where 
a great deal of expenfe arifing from the decay of the worm may be avoided ; but @ 
what I haye to offer may be clearly underftood, I beg leave to {tate what was p 







out to me by the pier mafter, and which appeared to me upon infpeétion to we ne cale ~ 
fefpedting the nature of this worm, and its operation. ait ‘ 
ue Bb2 This 
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‘This worm appears asa finall white foft fubftance, much like a {mall maggot, fo {malt 
as not to be feen diftinétly without a magnifying glafs, and even then a diftinétion of 
parts is not eafily made out 5 it does not attempt to make its way through the wood longitu- 
dinally, or along with the grain, as is the cafe with the common fhips’ worm, but 
direétly, or rather a little obliquely inward; the holes made by each worm are {mall pro. 
portioned to the fize of the worm, but as they are fo many in number as to be but 
barely clear ofeach other, as they do not appear to make their way by means of any 
hard tools or inftruments, but rather by fome {pecies of a diffolvent liquor, furnifhed by 
the juices of the animal itfelf ; it follows that as the animals which overfpread the whole 
furface of the timber expofed to their a€tion, proceed progreflively forwards into the 
body of the wood, the outward cruft becuse macerated and rotten, and gradually 
wafhes away by the beating of the fea, fo that in ‘act the timbers, planks, &c. gradually 
walte in fize and thicknefs, till at lal becoming «> weak to fupport the ftrain upon them, 
they are obliged to be replaced and new done many years fooner than would happen by 
the natural decay of timber in fuch circumftances, if unaffected by the worm. 


“ _ The worm is found lodged in a cruft of wood, generally from a quarter to half an 
“inch deep, that part of the wood under this cruft remaining perfe@tly found. ‘The rate 
of progreflion, as I am told, is, that a three inch oak plank will be deftroyed in eight 
years by action from the outfide only. 


It is furthermore obferved, that thofe animals do not live except where they have the 
agtion of the water almoft every tide, for they are not found in the timbers above the 
Tevel of common neap tides, high water, or indeed fearcely fo high ; fo that itis to be in- 
ferred, that if any happen to fix fo high as the common neap tide mark, if a few low 
tides fall out together with ftill water, as frequently happens in fummer, the worm 
thus unwafhed dies, and a ftop is put to its further progrefs higher. 


Again, itis very obvious that fo high up as the piles and work are covered with fand, or as 

" foilllies'againft it, the wood is perfeétly free from the worm, fo that the parts affected are 
What are alfo expofed to the air, that is from the furface of the ground or fand to high water 
neap tides. Whether a deprivation of the action of the fea water, accompanied by a con- 
‘unual change every tide, or a deprivation of the benefit of the free circulating air 
each tide, occafions the lofs of what is neceffary to their fubfiftence, may be a 

a queftion, but which indeed it does not feem neceflary now to refolve ; this however is 
53 the fagt; for on the infide of the planking againft which the ballaft, fand, or gravelly 
matter which is heaped by way of filling and giving folidity to the piers’ bafe, and which 

in general is filled above the high water neap tides, is alfo found to be a prefervation.to the 
infide 


[ 189 ] 


infide of the planking, though from the outfide only they will wafte, as has been faidjthree 
inches in eight years. 


The rebuilding thofe piers with ftone would ‘doubtlefs be an abfolute cure of the eyil 
complained of; and if they had fortunately been done fo at the firft it would, haye been 
well : but as it appears t6 me that it would be impracticablenow to conttruét thofe piers of 
ftone, without a much larger fund than there is any likelihood of being raifed for the pur- 
pofe, it remains only to make the beft of them as they now ftand 5 I fay impracticable 
without a much larger fund, becaufe ‘attempted to be proceeded with gradually, with 
ftone upon the prefent funds, the pri uld be fo flow, that a great patt of the pre- 
fent piers would be down, and the has 0s )pen, before it would come in turn to Te- 

{the timber work mutt flill go on, and) if it 
efent works in repair, a double outlay would in 
confequence be incurred to which the prefent funds would be inadequate; and though the 
timber repairs would gradually leffen as the ftone advanced ; yetit would be feveral years, 
before the outlay on the current repairs of the timber piers would become a very material 


place them with ftone, fo that the re 
exhaufts the prefent funds to keep the 


and fenfible eafement ; for thefe reafons, defpairing of feeing any thing very extenfive done 
here with ftone, I have'very ferioufly applied my mind to the propofitions laid before me, 
whichi in fubftance are, however, to make the beft of what now is, 


It will alfo be neceflary, for the clear apprehenfion of what I haye to deliver, that it be 
underftood how the outfide of the timber work of the piers, that is, what is fubject to the 
worm, isformed. It is obfervable that the outfide of the piers is formed by a ftrong row of 
{quared piles of oak, in general about a foot fquare, and near the pier heads the {paces 
between them not much more than the breadth of the piles. Infide of thofe they are 
planked with three-inch plank, in the general old thip plank, but of late yeane there being 
a fearcity of this, fir plank has been in fome places tried, which is found {till more fabject 
to the worm than oak ; this planking is to keep in the ballalt, wherewith, as already 
mentioned, the piers are filled ; and which preferves the infide of the priate from 
the worms, while the outfide being expofed to the free ation of the fea, is fubject to 
their incroashments in the manner that has been mentioned, and not only he {paces be- 
tween the piles, but alfo behind them}; becaufe as there is feldom a ie joint 
the plank and the back fide of the piles, the “a = ae nourithes the worms 5 aS 
alfo in the joints between plank and plank, and thereby wi : : : 
the fand me fmall parts a the ballaft wafh,out through them, which on this rae aan 
replenifhing from time to time : it isalfo obvious that the piles tiple wv ee 
tothe worm on all fides, for by the fame rule that the worm gets into the pl 


ile: i to them. 
them, they will affett the back fide of the piles, the other three fides being open to then S 


ens them, fo asin time tolet 4 
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fr fs doubtlefs on account of the fpeedy decay and confequent weakening of the piles, in 


the very part of them where the main ftrain lies, that it becomes neceflary to plant the 
piles 6 near together, and hereby a much greater expenfe is incurred than would be ne- 
ceflary if they were fubjeé&t to no other decay than what length of time would produce 
that is in cafe there were no fuch worm, or what would amount to the fame thing, in sine 
the worm could be effectually fhut out. 


This latter, viz. the fhutting out the worm, appears to’ me very practicable, the method 


whereof for new outfide work I will now defcribe. Suppofe the piles driven and lined 
with planking in thevufual way, only a little more pains taken than heretofore in fquaring 
the fides of the piles that look one towards another ; when the work therefore is com- 
pleted, I would begin by amending the fquaring.the fides of the piles, fo as: to reduce 
them to traight-fided figures; then T would adapt chocks of firto thefe {paces between pile 
and pile to be driven lengthways, and which being feparately fitted and driven in may be 
very nearly adapted to the place that each is to occupy ; and between every layer there is 
tobe oe of tar and oakum, or tar and hair, which isto be crammed into every little 
~ vacancy that appears after the driving in of each chock, and fo to go on ftratum fuper 
Stratum between every vacancy between pile and pile, till you come juft above the height 
where by experience you find the worm to ceafe ; in fhort you may then confider all the 
fpaces between pile and pile completely walled up with fhort blocks of fir, bedded in tar 
-and oakum, and all the vacuities completely filled with the fame fubftance. This done, 
the chocks being left a little {welling before the face of the piles, the whole is to be dubbed 
off with an adze to one general furface, upon which a fheathing is to be put on in the man- 
ner ofthe fheathing of fhips, the whole furface of which to be filled with fheathing nails, 
which, affeéted by the falt water, will throw a coat of ironruft over the whole furface, and 
preferve the work from the worm, in the fame manner as in the fheathing of fhips. It is 


no! 


¢ improbable that this cruft of iron may be wholly impervious to the worm for many 


years ; but fuppofe that in the compafs of ten or twelye years it fhould be found that the 
worm had got through the fheathing, new fheathing may then be put on at a very light 


- 





and the work guarded for as many years more, and foon as long as the main 


4 tinbers will Jatt from the abfolute decay of time. 


i 


In the exec 





tion of this method I would obferve, that I would begin the loweft tier, 


y an v4 “ 
layer, or ftratum c chocks, as low, as I could well get for water, or as lowas there is any 
probability of the fand or foil being taken away, and continue them up to where the 


worm ceafes, and there putting in kant pieces, the fheathing will be reconciled with 
the back planking, and fo continue from thence to the top of the pier. 


Again, 
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Again, Ihave mentioned that the fides of the piles ought for the fake of the more regula; 
fitting in the chocks to bea little better {quared thancomimon, yet 1 do not mean by this 
that the timber ought to be wafted or weakened by being hewn dye {quare ; it is fuifierent 
to bring the prominent places to a {quare, leaving the wainy parts to be brought nearer 
by being notched’in with a chiffel after the main work is fixed ready for the chocks 5 for 
as I fuppofe every chock particularly adapted, itis no matter that they fhould’be all exaétly 
of a length, or their ends be a perfect fquare 5 and I would alfo further remark, that if 
the chocks are made out of ftuff about fix inches {quare, fo as to take two breadths in the 


thicknels of the piles, they may be both de much more readily, and more completely 
fitted than if attempted to be put in fr¢ sole balks. I would alfo add, that in cafe in 
time the foil fhould happen to wath below sje ground tier of chocks, fo as to leave the 


under work expofed to the worm, 4 accident it will be better to drive a row 


of ground piles about fix feet from tue <r, and fill the intermediates {pace with chalk 
ftones, &c. fo as to retain foil againft the chock work, than attempt to put in chocks under 


the former, to which in fuch cireumftance it may be difficult to make a good joint. 


This kind of work will doubtlefs require a little care and attention, but will be fub- 
je& to no real difficulty or hazard, nor be attended with any confiderable expente 5 
and indeed were this expenditure altogether additional, the quantum would be no ways 
proportionable to the duration it will communicate to the work; for ifit be confidered 
how much folidity this method will give and the whole being preferved of its original 
ftrength, there will be no need of allowance for wafting on account of the worm, fo that 
it will rather appear in the light of a faving ; for I am fully of opinion that if the piles are 
put at two feet fpaces, where they are now put.at one, or at three feet {paces where they 
are now put at two, they. will in reality be in proportion more {trong and valid than at 
prefent ; and that the faving of fo much prime and valuable oak timber will nearly pay all 


the other expenfes. 


I come now to lay down what is to be performed to preferve the work already done, 
and not as yet fo far decayed as to require new 5 and T fuppole the fides of the Pe not 
having been driven with any view to this kind of treatment, will be found to be irregular 
and require too much cutting to bring them to plain furfaces everyewhere; but in many 
places this may be done, and indeed every where a chock may be fixed in front by Pad 
in bevil, and fixing by a couple of fpikes; by this means at lea(t the rant a ae 
good ; and as the decay of the outface of the planking may be attended with fu ; - 
latities as cannot be fitted with chocks, 1 would recommend hele paca between the front 
chocks and back planks to be made up courfe by courfe with brick and cigs ree 
which will grow hard in the water, and enable the papas of thefe irregular eek a 
filled completely full of matter, fo that the worm will be thereby as effeCtually : _ a 
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a frefh growth prevented as in the new work. The faces of thefe chocks being then neat} fect | 

dubbed offalong with the faces of the piles, anda fheathing put on. as before ine 4 It appears therefore to me that thofe ftones being already upon the place; Cannot be 
have not Hig Teaft doubt but that fuch parts of thé work as, though confiderably deca a | better difpofed of than by fecuring this neck of land, in lieu of. ufing a quantity of timber 
ftill remains ftrong enough to. refift the violence of the fea, will’ be preferved an E } 4 work in this place alfo, that otherwife might be neceflary. The moft eafy aud fimple way 
fiderable term of years, that otherwife would be ina few yearsiin a ftate ofruin. # of conftruéting fuch a bulwark, and what feems to me beft calculated for receiving andl 


liverting the fhocks of the fea, is for the face of the bulwark to be dilpofed i ireul 
Befides the above deferibed w : ee 5 wer 
> oir or Miia: that compofe tHe oveue of the body of the piers, form, and the ground courfe let down its whole thicknefs, or thereupon into the folid 
1 ; ; « tain intervals, ftill larger detached piles driven as fender piles, which are clay. 1 do not mean that’there fhould be any work upontthe blocks, except what is done 
equally eaten away by the worms as the others; to thofeI would only advife that their : to bring them to a {teady bearing im place ; and except what may be neceflary for the (tains 


whole furface ae every fide be driven or filled swith fheathing nails froma little below in cafe a ftair is thought indifpenfable, and which I would otherwife advife ta be avoided, 
ground to neap tide*mark as before recommended. 





to fhun the making any break into the regular face of the works, 


. As it appeared to me the whole of the north picr head lies dry to the ground at fpring 
tides in moderate weather, but ifit fhould happen that any part cannot be eafily come at 
oto fix the low tier of chocks within the ground, I would begin by laying a tier of the large 

block flones clofe again{t the foot of the piles, and in fome degree adapted thereto, kanting 


‘As the furface of the clay bottom appears to be in a {tate of wear by the action of the 
fea though feemingly flow, yet it may be expetted that in procefs of time it will fo wath 
away as to expofe the matter upon which the ground courfe is founded tothe action ofthe 
fea, and therefore it would be the regular courle of bufinefs to found the ground tier of 


oft e outward angle, and fixing each ftone by two {trong dogs or iron cramps one near blocks upon a fheet of plank piling ; but if it is confidered that this fheet of plank piling is 
: each end of the block, the dogs to be firmly fixed at one end to the piles or timber works, equally liable to belaid bare, and when fo, muft for the fame reafon as the piers, be de- 
“and the other leaded into the upper furface of the ftone, then ramming full every cavity fended by fomething elfe; and as it is probable that it will be feveral years before fuch 
between the blocks and the timber work with bricks and terras mortar, the chocks may be defence will become neceffary ; and when neceffary may be defended by, letting doxen 
founded on this, a little below the upper furface of the ftone blocks. another row of blocks at the foot of the former ; it feems to me, that the original expenfe 


ifiti f pile work < efe i 2d with; and as befides doing the work {pecified 
A further requifition fi vas, in w f : of pile work may for the prefent be difpenfed with; : 
; "may be moft = ae . ree Re ee age ss already provied a confiderable quantity of the block will {till remain, they may not only be applied to the 
. : ss occafional purpofes before mentioned, but alfoin making good the infertion of the bulwark 


‘As I have already fhewn how the worm may be prevented, and even ftopped where it into the main land, as the cliffs gradually wear away. 
has already entered, without much ufe from ftone work, it will follow that much the 


d in the conftruction of this bul- 
greater quantity, faid in the whole to amount to 750 tons, will remain on hand. I do not mean that any mortar or cement fhould be ufe 


} wark ; but to prevent the gravelly matter from wafhing through the joints of the blocks, 


T obferve that the cliffs to the eaftward of the north pigr are greatly wafted by the con- I would advife a ftratum of heather to be laid upon the chalk {tone fittings ; and alfo 


tinual beating of the fea, and in a way of wafting {till more; fo that in procefs of time, it the joints of the back fides of the blocks to be well crammed up with thefame 5 oF in liew 
_ may be ipitly apprehended, that unlefs fomething be done to controul it, the fea will make | thereof hay may be ufed for the fame purpole. 
t Se into the harbour; and indeed had it not been for a great number of the block | J, SMEATON. 
ie been promifcuoufly tumbled down into the external angle, between the H a Fragen 
‘nol lof the north pier and the main land, that has prevented its direét progrefs that pt 


way, it is not unlikely but that this would have already happened, a circumftance that 
~ would)be fatal tothe harbour, as the cafe would be very different here from what it is from wi 
_the want of jun@tion from the weft end of the fouth pier with the main land, as the fea only - 
comes through the beach by recoil, after having in a great meafure {pent its fury upon the 


tas? beach 3 pubes eas here, it would come in by the moft dire&t paflage into the very place where 
the principal fhips lie, 





Vou. IL. Ge 
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"aie SUNDERLAND PIER. 


The REPORT of Joun Smearon, Engineer, upon Mr. Sxour’s plan fo: 
_ “rebuilding and extending the old pier of the Harbour of Sunderland. 


SER carefully viewed the harbour and piers of Sunderland, and reccived the 
; information of feveral eminent matters of fhips belonging to that port, having alfo 
confidered the plan produced to me by Mr, Slit their Engineer for the improvement 
% of the faid harbour, I am of opinion, as fellows: 


» if. ‘That nothing appears to me fo likely t» “prove the depth of water over the 
bar (which is unanimoutfly reprefented as the moft defirable circumftance wanting towards 

its improvement) as the prolongation of the old pier to the low water mark at the leatt ; 
and as the dircétion of the laft ftretch of the old pier has been now proved by pity 
- years experience to afford a fufficiency of fhelter to the fhipping from out winds and feas, 
. |alfo to be in a commodious dire@tion for going in and out; Iam of opinion, that 
_ what has been fhewn by experience to beright, ought not to be effentially altered ; that 


‘js, that “the head of the advanced pier fhould be in the line of direétion as the pre 
fent pier. 





~~ adly. ‘That as a confiderable part of the old pier from the head inward appears fhaken, 
and its foundation fapped, I fee no more eafy or proper mode of repair, than that of re- 
ereGling it on a new foundation; and as by doing this, according to the plan exhibited 
+ by Mr. Shout, a projeéting part of the pier will be taken off, that now appears to difturb 
the current of the river, and break its force in time of great land floods, which are the 
principal agents towards fcouring the channel and keeping down the bar ; the current of 
the river will thereby have a more dire&t courfe to fea; and being preferved in one di- 
> » redion by the pier from fpreading, will not only make a deeper channel alongfide of 
the pier, but, aéting more diredlly and immediately upon the bar, deepen the channel 

“it in like proportion. 


ay 5 






Wy > 
Fv alii Sa e* 
Pee tat ‘ Therefore approve of the plan of Mr. Shout, but look upon it that it will be an 
& a Improvenaag to the fafety and fhelter of yeffels within the head, that inftead of carrying 
| it out in adire@tion parallel to the terminating direction of the old pier, gradually to 


_ bring he new pier round, fo that its terminating head may be in the fame individual 
place as if the old pier were extended to the fame point. 


athly. As 
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4thly. As the new pier is carrying out, the effedt of it will be feen, and the degree to 
which it ought to be extended more certainly judged of; but I am of opinion it cannot 
be too far extended, even beyond the bar, if circumftances of time and expenfe will 
admit. 


sthly. I apprehend it will be proper to begin the extenfion of the pier from fomewhere 
near upon abreatt of the prefent old pier head, and to carry it on to fome length, fup- 
pofe about two years work, before any of the old pier is remoyed ; then'to work backward 
removing the old pier, as the new one advances towards the point of junétion, by which 
means the fhelter to the harbour will be preferved. 


6thly. AsI am of opinion, that as the extenfion is carried on, the north fand wall 
follow it nearly at the fame diftance as at prefent, whereon the feas in like manner 
breaking and {pending themfelves, will keep the harbour in the fame degree of quictude, 
with the advantages mentioned of a deeper channel oyer the bar, 
Gatfhead, J. SMEATON. 


16th January 1780. 


N.B, The old pier as it is removed muft be as entirely eradicated as pofible, that 
nothing of wood or ftones may be left to prevent the land floods from deepen- 
ing the channel in the ground upon which the old pier now ftands. 


ie 


ee 


o 








— June artt, 1769, 
ina that part of 
the Black Middens, 
< entering 
are ety the north 


mes, ‘were removed. Thefe ftones in fome 
s)fhips that happen by aecident to take 








ofa pile of cannon fhot, I am of opinion will 
diftance may be laid in the fame 


% 


and. as to thofe 


them all to be ‘ied, from 
sutable at the 
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dly. They may in fome places both large and {mall be removed by cars ” 















removed on tide of flood. 
sthly. They may be dtawn over the rough ground by windlaffes and tackles, tobe 3 


moved from place to place, as need fhall require. 


The ftones may be laid hold of by eye-bolts, fixed in holes bored by a cA ad or they. 
may be harneffed with chains. 


to work upon thofe that lie inet ee 


I obferve thata great many ftones to be removed assifery good 
broken up, I apprehend many would be glad'to remove for the fake 


P.S. In coming down by way of South Shields, I obferved a p 
Dam, which, if the trade requires it, may be yery 0 
wet dock, that would hold a great number of fhi 


ae, 


% 
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SCARBROUGH PIER. 


To the Commiffioners of Scarbrough Pier. 


GENTLEMEN, 
WAS duly favoured with your order of the 15th of May laft, from the hands of 
Mr. M‘George, referring to a cafe to be ftated by Mr. Gilbert, for my opinion 
thereon, and alfo refpeéting the carrying on the works of the pier in future, which 
cafe was alfo inclofed, deferibing the method by which the works were propoled to be 
carried on, All which having carefully confidered, and having referred to my former 
plans and eftimates, I find, that in the courfe of twenty-five years, there have been 
executed from my defigns and dire¢tions upon principles fimilar to the mode of operation 
defcribed in the cafe inclofed piers for the following harbours, videlicet, 
“Aberdeen, Aymouth, Portpatrick, in Scotland; and St, Ives in Cornwall: 
all of which have anfwered and given entire fatisfaétion. The outfide ftones of any of 
the above were not above three tons weight, nor were they backed with any thing but 
promifcuous fittings, from a ton to about a cube foot in a ftone; the general weight 
of the fitting ftones were about half a ton in a piece. Tt is however to be ob- 
feryed, that the whole were quarry ftones, rough and angular, and not rounded by the 
~~ of the fea. We ufed no gravel for wrecking the work, but in what was above 
low water, the interftices were filled by hand, after fet with {mall fharp rubble {tones of 
the fame kind ; and it is to be further noted, that the outfide blocks, after being roughly 
fquared, were not laid upon their beds, but fet with their angles upwards, fo that every 
ftone was jambed between two, fet ina fimilar manner below. I am therefore of opinion 
that the method propofed will be fufficient to refift the violence of the fea, when got 
“up to its full height, and covered with an entire platform of large blocks upon the top. 






‘d to the economy that may attend this mode of operation, I mutt obferve, 
that inall the piers above mentioned the whole or by far the greateft part of all the {tones 
employed were not found by the fea fhore, but by neceflity brought from quarries by 
land carriage, fo that the expenfe upon the whole was not lefs than four fhillings per 
ton; and would have been far greater, had nothing but large blocks been employed. 
may therefore in fome fituations be better economy to make ule of the ftones that are 
- : ; there, 


¥ 






ue 
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there, if large, though rounding, and to“fill all folid, than cither to break them to render 
them angular, or fetch this kind of ftones from quarries within land. It feems therefore 
probable that fomething may be done by way of eafing the expenfe, and increafing the 
expedition; but the proper mode of operation depending altogether upon local cireum- 
{tances, 1 am unable to form my opinion fully thereon without a view of the premifes. 
Lam with great refpect, 
Gentlemen, 
Your moft obedient humble fervant, 
Aufhorpe, J. SMEATON. 


gth dugu/ 1781. 


ESTIMATE for improving and enlarging the Harbour of Scarborough, in the County 


of York. 
Bie reeds. 
i f ini 5 er nning, at 6s. 
i e prefe er 1£0 feet) containing 115 ton per foot running, 
To extending the prefent pier 150 fect, g E 
2 - = 2 a SLRSge 02.0. 
per ton =. i . 4 f 7 
+. Scontaining 320, fe and 317 tom per foo! 
To building a new inner piers containing 320 feet in length, 3 Pp re, 
8 s : g # 
running, 6s. = > 


making awharfing to co! nfine the fan xtending 1,309 feet, at o€2. per foot 
nds, ext » 
'o making a ri] ig 153) P 


codec the prefent area of fand, fo as’to make 11 feet water ata {pring oe by » = 
the fidevof the swharf, containing 31,300 yards, a Gd. per ee Se naae 

To making a groyne oF jetee near the {pace, extending 90° feet, for p' ; ig ine 
{ands from circulating into the harbour See ; = ee ee 00 

To making @ bafon 100 feet fquare, and laying pipes or : eeping : = % 

sing before the wharf - = 

eae ew dolphins, and other pofts iG. mooring peteles and oth con wre * 

tingencics > r 2 ape he 


: . ae 3 : 
To contingencies upon the whole 


2£15:934 2 
Ss 



















1 loyed at a time, that is $ men for 3 bs 
hoi 
three months or 90 days at 18d® per man per Fa na 
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cach beam or groundfell, which, if at g 





es, Ga 51 at 108. 7h 1 
ad middle, 33 aie 
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To ramming in between the walls fells, witha mixture of clean London ballaft and 








quick lime, containing 83 cube yards, at 1s. - - 
Yo flufhing the fame with a layer of pozzelana mortar, to lay the planks upon, con- 
taining 259 fquare yards, at 7d. - “jo = 7 1 : r 
To filling in the foundations - - - 2u 4 1 5 
MASONRY, . 


“oe 


To aifler in the fide walls, which at the mean thicknels of 24 feet, will contain 
2 cube feet, which winning, leading, and hewing, at 74d. per foot - 


12535 
including extra labour - 


To pozzclana mortar for fetting, the fame 3 per foot, 
N.B, 14 tons of pozzelana mortar will be wanted at £2 2s, per ton. 

To rubble ftone for backing 1148 yards of 2 feet thick, which will take 1435 | 

of fone, which winning at 34, leading at 18. is 15d. per fodder % 
Pf Sah 


Mortar for do. 
- 48° 12 


To 162 fodders of lime at 6s. - 4 
To do. of pan rubbith fifted, at rod. = 6 15 


To 100 tons ofifand at 6d. - - 2 10 0 
at Id, - 2 


To fetting 12,352 cube feet of aifler, 
To building 1148 cube yards of rubble, at Is. 


Mafonry in the whole 5 oe 


This comes to 7s- 5d- per the reduced yard upon the whole folid, the 
would be done for 4s. 4 


To moating the fame with clay, 
including the filling in and making good the earth 


containing at one foot thick, 4838 cube feet at 
behind the walls = 


CARPENTRY in ERECTING THe G 


Phe Threthold and Barrier a the 

"To 185 cube feet of onk and elm timber, t ; 

_ eube foot meufured neat in place 
: 133 cube feet, meafured neat in 
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es 
ABSTRACT of the preceding ESTIMATE. 


Digging, drainage, and clearing the foundations - 


Carpentry in the foundation, exclufive of trenails and caulking 


To filling in the foundation a fae - 


LA _ 
The foundation 


Mafonry in th walls 681 
To moating with clay, and filling in behind the walls = 40 


Total expenfe of lengthenin, ie dock 
ERECTING THE GATES, — 


5 > 
> 4 = = . = 
Carpentry in te ee ee is 


_ Do. in the gates ~— . F 


Tron work in the threfhold and barriers 

Do. in the gates - os - 

Hinges and w: ork for the gates toturn upon = 14. 

ete ame es 
oe Net eftimate 

Allow forcon ngent articles not includ: ting 










holding the g I : 
/ = = 414 6 5 — Aufthorpe, 
.s, each 1f. 61. long, 1 foot broad, and about 4 inch thick 22Ib. 2 : 4 E Ra 17 





Work for the gates to turn 


Eftimate of the 


{tom iry price, 





lon icluding labor, at 








long, uding labour, at 2d 





floor of 33 including oakum, pit labour a 
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TREWARDRETH HARBOUR. 


The REPORT of Joun Smeaton, Civil Engineer, upon the Question of 
a Harbour in the Bay of Trewardreth, Cornwall, exhibited by Brooke 
Watson, Esq. 


"T= defign for a bafon andian entering yetiis! be ore me for Trewardreth Bay, ap 
pears to me fufficiently well imagined a. 9 1s thape and pofition, refpecting the Rois 
of the compafs and the adjacent coaft ; but the entering veltibule, which I apprehend is 
principally intended to fhelter the gates, whereby the water of the bafon is to be held u 
to its deftined height, appears to me by far too {mall to produce that effect, In this “a 
1 have drawn a circle of 100 feet, that is of 33 yards diameter; and the whole area will 
fcarcely amount to a quarter of an acre. It does not fignify what, or how great the area 
of the bafon may be within the gates; becaufe this will have no influence on the quieting 
the outward port or veftibule ; and therefore, fuppofe a fea runsin with a ftrong wind at 
§. E. (I mean right into the opening), and is therein reflected from the different piers and 
walls, it will manifeftly tend to the deftruétion of the gates ; as from the meafures they 
Thuft néceffarily be placed fo near thefe walls, and receive their ftrokes in one direction or 
another, fo very frequently, that I do not apprehend any timber work upon that feale will 
be found ftout enough to endure the fhocks for a length of time. 


If the neceffary occafions for the fize of fhips were lefs in proportion, as it might be more 
ufeful to lay out a lefs capital upon a project of this kind, then, as the-entry of a port 
might be made lefs in width, in the fame proportion as the fhips themfelves were lels, it 
might perhaps be brought about, that a fmall harbour could be rendered as’ quict as 4 
large one ; but fince the neceffary occafion for width in the entry of the port, isnot fmaller 
in proportion as the area of the harbour is {maller, but to the width of the largeft thip 
intended to enter it, then a very {mall port may have an occafion for as wide an entry as 4 
large one; and confequently the quictude of the fhipping lying therein, will be lels 
(perhaps in a greater proportion) than the increafe of width, to that of its area. 


I do not know that ithas yet ever been afcertained, what is the greateft width to be ad- 
mitted to the entry of aport, in proportion to the number of acres it contains ; or what 
amounts 


[azes 


amounts to nearly the fame thing, what will be the proportion between the width of the 
mouth of the port and the mean diameter thereof, In the prefent cafe the width of the 
entry is thirty feet, that of the area of the veltibule about 100 ; that is a little more than 
one to three ; certain itis that 1 do not recolleét ever to have feen the atea of a port fo con- 
fined, where it has been enclofed with a wall; and where a large pair of gates are to be 
protected, I fhould imagine the internal fpace fhould be far greater. I fhould think a 
mean diameter of 300 or rather 400 feet quite little enough, or the veftibule {till preferv- 
ing the width of thirty or at moft thirty-five feet to the mouth; and even. this mouth will 
be quite little enough to admit a veflel of twenty-feven or twenty-cight feet to enter with 
tolerable facility. 

It being fuppofed that the figure 4tward harbour or yeltibule is near upon right, 
its dimenfions may be increafed in an} oportion ; and if there were a want of fpace, a part 
of the propofed area of the bafon may be taken into the veltibule ; ‘Prue ; but here will be 
a great addition to the walling in proportion to the area of the bafon, and capacity for the 
entertainment of fhips, 3 

I think it my duty to fuggelt, that every part of the works expofed to the fea in the 
bottom of this bay, ought to be done in the moft fubftantial manner, otherwife failures may 
be expected ; and how far the occafions of trade in this place will render it a profitable 
undertaking, to encounter the neceflary expenfes fhould be well confidered before the 


execution is refolyed on. 


It is generally allowed that Milford Haven is one of the moft complete natural harbours 
in this kingdom ; but let it be reduced by a fuitable feale to two or three acres of area, 
and the width of its mouth reduced from three or four miles, to thirty or forty yards it 


will then become a much more unfuitable defign for a harbour than this under con- 
fideration. 

Grays Inn, vi SMEATON. 
18th January 1792+ 
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PLAN of the HARBOUR of 87 HELLIERS , JERSEY, 
with the PIER & WORKS as they now stand 1788. 
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been planned, were every thing at this: day in aftate of nature. ‘he propofitio 
the belt ufe of it, as it now ftands ; and confidering it as a part of a whole, ion 
the leaft expenfe, more room and better fhelter. 3 
ZF 

Had it not been for the fhoaling of the water at the entry, the firft thing that woul 
naturally ftrike, would be to extend the prefent pier further isc, and to meet it 
with a catchpier from the north-eaft corner of the new quay. ‘This contra@ting the great 
width that the mouth bears to the capacity ofthe harbour, would’ at once render it more 
ample and more quiet, and would be the moft eafily done, asthe materials feribod : 
could be carried progreflively from the iy. — , but in the opinion of the pilots, as well as 
the committee and gentlemen confulted ype" the fpot, the fhoaling of the water 
invincible objection ; in which opinion 9 "a confideration I find gealen. to. 

Of thenumber of plans exhibited to me, that had been th 
gentlemen of the ifland, the idea molt generally adopted was. 
from the prefent, at fome point betwixt the prefent pier head an new quay, | 
about 120 feet or upwards of opening betwixt the prefent and new pi head 5 en cari 
ing it on in a ftraight direction, fomewhat near paralicl to the fa et the Ba, 


leave a {pace between the new pier and the new quay for veflels to 


it northward in the fame direction towards the town, as the fund 
to give it every fuitable enlargement that the occafion 
repre: a © 
7 rs 
‘This idea in its general outlines and purpole feemed me 
of the Committee, but yet was likely to e fubjett | 
told that when the wind was at N. hi 1 point b me 
‘rocks, the fetch of the fea, then lying open from the 3 
“in blowing weather, caufes the veffels to ride 
pier carried on in any direction parallel to the 
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ing the head to go into the harbour, they will have the wind in their teeth ; and as th 

may not always be able to fhoot into the harbour, there will not be fufficient ae 
bring up before the harbour’s mouth, without being in the way of thofe that may Plex, 
them under the fame circumftances. It appears tome therefore that every Boorvctiencs 
may be avoided, and the defired end attained, by forming the pic with a curve tow = 
the head, according f@ the plan I have now the honour to lay before you ; and fet. 
formable to the idea of which I left you a fketch on leaving Jerfey, and which Get 
verbally explained to the Committee, feemed to give general fatisfaction. . 


According to this difpofition, the north-weftern feas will meet the curve of the pier 
towards the head, in fuch an angle, that they will be turned from the harbour’s mouth 
(as will appear by confidering the pofition of the north-welt line A. B. figs 1.), and not be 
turned into it, as would be the refult, if the pier were to be continued in the ftraight line, or 
any one parallel to it, and which in this cafe would leave too great a width of mouth for 
a harbour of this fize. But this affords ample fpace to come-to, in the lee of the har- 
bour’s mouth, and afterwards warp in at leifure. It will alfo afford a fuperior advantage 
in getting out with north-welterly winds, by getting under fail from the prefeat 
pier head. 


This, according to my judgment, will be the way to make the belt of St. Hellicrs 
harbour, and furnifh the defiderata at the fhorteft expenfe. Yet it mult be adverted to 
that no {mall harbour can be made a very quiet harbour ; for the magnitude of the oy 
are fuppofed the fame to all, and the neceflary width of the mouth for a fhip to enter the 
fame 5 feas then that in a degree will inevitably wrap round the heads, will affeét a {maller 
hanBipur eu than a large one, though of fimilar conftructions; for the effect of the 
wees in difturbing a harbour is greater, in proportion as the lineal width of the mouth 
is to the whole area of the harbour. In this refpeét the harbour of St. Helliers is, and 
always mult be, defeétive. Another circumftance tends much to rendera BFbour une 
quiet, and that is, when they are boundered with walls. The wayes of the’fea follow the 
laws of the pendulum, which when once fet a vibrating would never ceafe, if not {topped 
by friction and the refiftance of the air. The fame would happen to the libration of the 
water if there were nothing to ltop it; for meeting with walls and objeéts comparatively 
Stat the waves are not deftroyed, but refleéted into another direétion ; and from that 
into another, till they ate gradually deftroyed by friétion:, The fpeedielt way by which 
waves are deftroyed (that is by friction) is by forming a furf, and breaking upon a floping 
beach, Sandy oe rocks 5 in which alfo the harbour of St. Helliers is defective ; there being 
10 ire of its circumference, where the feas have an opportunity of breaking and fpending 

+ themfelves, 
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themfelves, the bottom of the harbour excepted, which is a part of the natural fhore, 
extending on the S, E. fide about thirty fathom, betwixt the old and new quays; and 
which, if opportunity fhould occur, it would be well to extend. The new quay, which, as 
I was informed, is principally a cover to rocks, though it feems to afford great utility in 
other refpects, yet by: preventing the feas from breaking upon them, will naturally have 
the effe& of rendering the harbour more unquiet; but which, when the new pier is 
built, will become extenfively ufeful, efpecially when the crofs wall is formed to the 
northward, and the north fide of the new quay is wharfed up: 


EXPLANATORY OBSERVATIONS ON THE DESIGN. 


THE catch pier as it is here fhewn extends 520 feet: but I expeé that it will have a 


_ confiderable effect in quieting the harbour, by the time it is carried out abreaft of the 


north corner of the new quay, that is, from and including the head, to the length of 
250 or 260 feet. ‘This will eventually make more room in the prefent harbour, that is, 
the veflels can lie’ clofer by being more quiet ; and will alfo actually inereafe the room by 
the {pace betwixt the face of the new quay and the new pier ; for then I expect two tier 
of veflels may be laid before the face of the new quay, and be fereened, not only from 
the N. W. but all other winds. 


When the catch pier is carried out to the length as fhewn in the plan, the crofs wall 
built, and the area inclofed freed from the encroaching rocks, then the additional room 
will be fully double of what can now Be occupied. It is true, and 1 apprehend muft 
remain a truth, that the fands, this way, lie higher than in the prefent harbour ; but the 
interior harbour being confidered as a place df depofition, the very great {pring tides 
that reign here, (which rofe above low water mark, the fpring tides when I was there, no 
lefs than forty feet, though that was a time of the year when the tides in general run 
fhort), will enable large veffels to get into it, and out, for more than a week together 
during the time of {pring tides ; and though:the neap tides here in general run fhorter 
than any place I have before had an opportunity of noticing, in proportion to the {pring 
tides, being, as | am informed, in general but from nine to ten feet, yet this being con- 
ftantly the cafe with large vellels in tide harbours, can be no objegtion here. 


Here being no back-water, and the interior harbour a place of great quietude, the 
this as much -as poflible, I would re- 
judicioufly and fuccelsfully. practifed 5 
h and through the body of 

the 


fands may be expected to gather ; but to prevent 

commend an expedient, that I obferve has been 

and that is, the making low arches or gully-holes underneat 
Vou. Il. 1D 
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the pier ; one of which paffes through the fame about 200 feet from the pier head, 1: ; 
about fix feet wide and four feet high, fo that a perfon cannot walk under it ; i ii 
‘This aperture has the effe&t of preventing the fand from lying on the infide in aan ; 
fo that keeping it fomewhat difturbed, by the agitation of the feas, it is ready to be Bist 
out on the retreat of the tide :-and I haveno doubt, but thattit has greatly Ceittilited- 
prevent the fands being lodged in the harbour te a greater height than they are, and = 
gradual increafe ; for I obferve the ground of the harbour at and near the interior mouth 
of the gully, at C. is full eighteen inches lower than the ground at D. being the poin 
equally diftant from the gully and the pier head. Were this ftopped up, I have no es, 
but that in a little time the ground there wou become higher. 


In this view of keeping down the fan’ * ould recommend gully-holes to be made in 
the catch pier, at the diftance of 120 feet, «7d ‘{fpofed as pointed outin the planat G. G 
This will make four gullies in the main body of the pier, and two in the crofs wall ; but en, 
frequent, I would not advife their being above four feet wide, and three feet and a half 
high in the crown; and the effect of the firft will be fo pointed out, before a fecond is 
needed to be pitched, that if the dimenfions I have afligned, fhould be too large ox too 
little, the effect will fpeak for itfelf, and be remedied in the fubfequent *. . , 


With refpect to the conftruétion of the pier, I would recommend it to be built with 
rough granite, in the fame manner and ftyle of workmanfhip as the works of this harbour 
have already been carried op. I would recommend it to be filled with rough quarry {tones 
to the middle, without any intermixture of gravel or rubbifh. The height of the tac 
at top of the pier I fuppofe tobe the fame as the new quay; and as I ne not fuppofe it a 
place of bufinels, it is very poflible it may do without a parapet ; but ifon raifing it to tha 
height, experience fhews one to be wanted, it can be added at pleafure. For that reafon 
I have not fuppofed any ftairs, as {trong upright ladders bolted to the walls at proper 
places, will bea fufficient convenience for the purpofe. The conftruétion and dimenfions of 
the pier will fufficiently appear by the detached plan and feétion (fig. 2.) ; and as there always 
occurs a difficulty in turning the convex parts of pier heads when compofed of rough {tones 
that is, fo to.tye in the ftones fo as not to be fetched out by the furge of the fea; in tie 
pil that T have given of the ground courfe of the pier head, I have fhewn the bi ctiger in 
vig Tdiretted the catch pier head of Aberdeen } to be formed, which is alfo of granite ; 
that is, with anchor ftones and dove-tails, fomewhat upon the idea of the dove-tail 
work of Edyftone lighthoufe, 
Sis ae tee of thefe e? be of differvice, while others are of fervice, in which cafe the former 
4, The reader may refer to this plao in the third plates page 49 of this volume. 


If 
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If it could be afforded, it would be well to form every courfe in this manner; but I 
apprehend it may be fufficient to do this at every five feet in height; fo that beginning 
with the firft courfe that rifes above the ground, there will be fix courfes bonded in this 
way ; and which will be completed by fixty anchor, and fixty-fix dove-tail ftones, and 
which, if not more eafily had elfewhere, will be undoubtedly afforded by the quarries of 
Montmado. ‘Though in the plan they are fomewhat regularly difpofed, yet they are no 
ways required to be of equal fizes; all that is wanted will be, that each ftone be adapted 
to its next neighbour. 


A yery material article that remains is the expenfe of the work; but this being entirely 
local it is not poflible for me to give any {pecific eftimate, but what would be likely to do 
more harm than good, for if the price afligned by me be too large, the workmen would 
endeayour to take advantage ‘of it; and if too fmall, they would not be bound by it; 
and the Committee not fo well fatisfied in not getting the work done at the rate given 
out. But it will be very material and ufeful to know, that in the firlt 240 feet, or fixty 
fathom of pier, including the head, and fuppofing the mean height, including the foun- 
dation, to be thirty feet, that this pier will contain 9,500 cube yards of work; and as I 
cftimate it, will take 19,000 tons of rough materials, exclufive of the parapet. 





THE HARBOUR OF ST. AUBIN. 


pee this Harbour the following matters having been fubmitted to me in 
writing, T cannot acquit myfelf better than in giving diftiné anfwers thereto. The 


paper is as follows = 


« Experience having fhewn that the new pier of St. Aubin, called the Upper Pier, 
intended to bring and lay up hhips and veffels clofe to the town; for the convenience of 
fitting them out, loading and unloading, is from its fituation liable to fill, by the ats 
quantity of gravel which the fea wafhes in from the back of it; and that the depth o! 
water is, from that aétion of the fea, diminifhing more and more; it has therefore been 
conceived that the building, inftead of this, another pier further out to reach from the 
point of land called the Bulwark, to a rock called Cavard, in the direétion of the a 
will anfwer every purpofe of fecurity, convenience, and greater depth of water, and 1s 
not fo likely to be expofed to fill as the other. 


Eez “k 
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Te He alfo been found that the want of a proper road for carts to communicate wit! 
afonafaid pier during the hours of high water in {pring tides, isa real inconvenience “ay 
that circumftance, carts cannot have accefs to the pler, without going round a fis r 4 
town, and up and down again a fteep road ; wherefore it would be defirable, to a 
a psoper road by taking upon the harbour, fuch an extent as may not be prejudicial ci 
obtaining by that means the additional advantage of a quay or wharf, againft Gin 
boats and other {mall éraft could be brought up at high water, to take in and out “4 ; 
upon occafion. a 


ct But as it is found by obfervation: that men who want profeffional Knowledge an 
experience, in refpect to the effects of bulldines for harbours, and to oppofe the a rte 
fubjeét to be difappointed-in the works they yaject it is therefore wifhed Mr. Smeaton 
would well confider the above ftated work, and give.his opinion, 


« sft, Whether this new projected pier inftead of that now Tubfifting, is the moft cligible 


plan which can be adopted to remedy the inconveniences of the other? And if not, 
‘What other’ expedient he would advife? 


« adly. In cafe Mr. Smeaton approved the faid plan, Whether it is moft advifable to 
Cou uee the work at the extremity towards the fea, and to continue it towards land to 
a certain degree of forwardnels, before the old pier or any part of it be taken down? 


*€ adly. Whether he would advife the taking upon the harbour, and in what extemt, in 
order to acquire the road and convenience above flated? And whether this work of the 


: xpad ent quay ought or ought not to be begun, before fome progrefs is made in the 
building of the intended pier ? 


& N.B, The time the want of this road is felt, is for the fpace of about two hours in 
the mornings and evenings of {pring tides. 


¢ Mr. Smeaton is alfo requefted to impart fuch further advice upon the whole as his {kill 
and experience may fuggeft.” 


Anfwer to the 1{t.—As I look upon it the reafon why the upper pier, as it feands at 
prefent, becomes liable to fill with gravel, arifes from this circumftance ; that the welt 
end of the ifland of Jerfey lying open to the fetch of the great feas propagated from the 
Atlantic Ocean, there being no land to fhelter it in that dire@tion, that is from the W.S. W- 
to W. N. W. (according to the true meridian), great feas, of courfe, with all wefterly and 
fouth wefterly winds, will rake the fhore from the Corbiere to Noirmont Point ; and 
turning that, fouth wefterly winds will drive forward the gravel brought along with it 
eerwrte, towards the bottom of St. Aubin’s Bay ; and in its way meets with the upper 
pier now ereéted ; but this pier not extending far enough from the fhore effectually © 

interfe 
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interfe&t and intercept the courfe of the gravel, thus continually and fucceflively brought, 
it is driven round the pier head; and there finding an-eddy (which will conftitute a 
place of 1 pofe on the north fide of the pier), will naturally produce the annoyance com 
plained of. Nor does the effort made ufe of appear likely to ftop the current of the 
gravel; for the jetee being low, and pointing direétly acrofs its courfe, the gravel was 
driven over it, and round it, and the jetee itfelf ina great meafure deflroyed. Had the 
materials employed in erecting this jetee, been applied to carry out the pier head 
in its N.E. direétion, this, flanking the current with a confiderable obliquity, would 
haye probably had a pé rceptible 
full | 


good. effect, and had the head been lengthened to its 








ight, to as great a length in adc jon as that of the jetee, in all, probability. this 









would have ina ¢ vart relieved the commpiaint. I fay in a good part relieved it, for 
the upper pier being too much in fhalh *, to fully anfwer the purpofes of bufinels, 
am of opinion that nothing can mc ifeétually tend to. relieve the complaint, and 








et the purpofes intended, than a removal of the pier, and carrying it out in the 
direction and extent propofed in the plan exhibited tome 5 which was, to carry it out from 
the Bulwark rock,. in a direCtion towards the fort; that is, 5. 52° 30’ E. to the length 
of 1 fect and afterwards in the direétion S. 69° E. to the length of 105 









ards, or 5 


feet : in the whole 630 feet. 


To the 2d.—I apprehend the place of beginning will depend upon. the fituation of the 
principal and weighty materials. If they are toube brought or floated by water to the 
place, then they can be beft depofited at the pier head 5 and carrying on the work towards 
the Bulwark rock, to that degree of forwardnefs that the new pier becomes a fhelter, 
which experience will point out ; then the materials of the prefent pier may be removed, 
to fill up the gap-and join the lands But if the materials are principally to be brought 
from the land, then the beginning from the Bulwark rock and advancing forward pra- 
creflively, will be found to be the eafieft and cheapeft mode of proceeding, as well as 
the fafelt from derangements. And thus carrying the work forward, till an equal fhelter 
is found to what is afforded by the prefent pier 5 then this laft_may_ be begua to ibe re- 
moved, in order to catry, the other work forward ; beginning in taking down with S 
pier head. I think there is this objection to the beginning at both ends, as then there 
will be two unfinifhed terminations, always lying oped to the derangements of ftorms. 





To the 3d.—I mutt obferve, that a degree of inconvenience will always be outweighed 


ourfe upon St. Helliers harbour, I have fully pointed 
d by the erection of a wall, asa wall has not 
f the fea that a floping fhore conftantly has 5 


harbour, it 18 rendered, in a degree, lels 
quiet 


by a fuperior utility. In my dife 
out, that where a floping fhore is interrupte 
that tendency to {pend and deftroy the waves © 
wherever walls are erected in the confines of a 
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quict by this means. That there will be a difference is evident and demonftrative : b 
degrees of quietude not being meafurable by a feale, it is not always poflible to {a Ps 
will be the degree of difference. ‘The want of a road to a harbour acceflible at al aa 
of tide,sis a capital defect ; but to the remedy propofed, of taking fuch a breadth Siok : 
the harbour as. may not be prejudicial, the whole that can be faid, is, that as the a 
mult be formed/and fupported by a terminating wall towards the bay, while you ee 
gaining a greate® breadth, you are wanting a higher wall; and a higher-wall when there 
is water before it, will more ftrongly reflect back the waves, inftead of deftroying them ; 
and thofe meeting with, and compounding themfelves with others, will moft undoubtedly 
render the harbour more unquiet, than if thing$ were, in this refpect, to remain as they 
ase Again, the more ufeful this wharf wall is made, for laying {mall boats and ah 
againft it, by a depth of water before it, the more if will tend towards general inquietude ; 
and unlefs in’calm and quiet times, as the face of this wall will lay open to the bay towards 
the eaft, I believe thofe boats will not find it very eligible to lie againft it. But Fic 
Toad is fo)great a convenience, that if forty or even fifty fect of frontage be taken from 
the fhore, before the moft projecting wharfs (I mean thofe fouthwardly towards’the pier), 
as they at prefent ftand ; and the wall is carried in a regular curve from thence to join 
the proje@ion whiere the road afcends the ftreet ; I fhould apprehend, as this can be 
eeeneany with a wall of a few feet in height, that its influence at the diftance to which 
the new pier is propofed to be ereéted, will not be fo material as the convenience ; but 
whatever that influence may be at that diftance, it certainly will be greater at the diftance 
of the Prefent upper pier, which is much nearer. ‘There poffibly might be conveniences 
and os in having this road made now, which might make it worth the while to hazard 
even this difference. But as it does not appear to me, that the want of fuch a road for 
two hours a day, for four, or at moft five days at each {pring tide, can be of great con- 
fequence; feeing that at thofe times, the tow water is in the middle of the day, and the 
interruptions can therefore be only at mornings and evenings, the reft of the ry being 
free of accefs; and furthermore, that in cafe of need, the pier is acceffible at all fines 
by a road that hitherto-has been pratticable 5 all thefe things confidered, I cannot recom- 
mend to begin the road and wharf, till fome progrefs is made in the building of the 
intended pier ; or to do any thing that may in its effe&t be hurtful to the prefent fituation, 


till’ better one is acquired ; and the appearance of the benefit, more fubftantial than 
the rifque. 


Tam, honourable Sirs, 
Your moft humble fervant, 


Grays Inn, London, 
J. SMEATON. 


30 Sept. 1788, 


——_—_ 
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QUEENSFERRY SHIPPING PLACKS. 


The REPORT of Joun Smeaton, Engineer, upon the Shipping Places 
at Queensferry, in the Firth of Forth, from a View taken the 15th of 
August 1772. 


T feems fearcely neceflary to fay any thing upon the importance of this ferry : it being 
the fhorteft and moft commodious place of crofling the Firth of Forth, and thereby 
muft recommend itfelf to the attention of every one who has concern in and withes well 
to the kingdom in general ; and on occafions is, and may be made more ferviceable for the 
paflage of troops, could a bridge be built at this place, though at the expenfe of £100,000, 
I apprehend it would become a national obje& to conftruc it; butas we cannot hope 
to fee this effeéted, the next belt thing is a commodious ferry; and if it would be worth 
fo large a fum to obtain a bridge, it would furely be worth a confiderable fum to obtain 
the molt commodious ferry poflible. As matters now ftand, there appear to be good 
veflels well adapted to the purpofe in fuflicient number, and very able and expert hands 
to manage them ; and even in its prefent ftate, from what I have experienced of it myfelf 
for years pall, I believe it may be faid to be one of the moft comamadiousanct beftattended 
ferries of the width in Great Britain. ‘The principal defeet is in the fhipping or landing 
places of embarging and difembarging paflengets, carriages and cattle ; what con- 
f this kind there are already are’in a great meafure furnifhed by nature, and the 
as where nature requires a litle affiftance from art. 











yeniences © 
difadvantages thereof are fuch, 


from t 





The principal defect he roughnels and awkwardnels of fome of be id 
for want of proper frelter in particular winds and times of tides, but principal iy 
ace atall, at or near the low water of a fpring tide; by 
s fair, and afterwards further detained: 


places, 
for want of any proper fhipping pl oO 
which travellers are often detained when the wind i 
by the winds coming foul. 


There are feveral places of {hipping on. each fide, but moft of all upon the fouth fide, and’ 


the fkippers make ufe of thefe as occafion ferve; and in faét it is more commedious a 
de than to be confined to one on each fide though ever fo 
fe of winds and fet of tides, they can frequently amake 
out tacking, when they cannot do ic between: 
verfa in other fets of winds and tides. 


haye various places on each fi 
complete, becaufe from the cour 
their way good between two places with 


others without great lofs of time, and wice Se 
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The principal fhippings on the fouth fide are as follow : 


The Binks being the weftermoft and oldeft fhipping place ; it fronts the welt, and there 
fore moft proper in ealterly winds ; it extends to high water. 


The Grey Shipping lies near to low water, andis of ule only when the water is low, 


” The Forenefs Shipping fronts eaft, therefore propereft in welterly winds, and ferves from 
‘fomewhat below half flood to high water. 


‘The Welt Hall fronts eaft, therefore properet in wefterly winds. 


The Long Craig fronts weft, therefore p= Hore? in eafterly winds; this is chiefly ufed 
when the tideis low. , 


The White Houle fronts and is nearly fimilar to the former, being further to the cat. 


North Ferry. 
Graig End, the principal fhipping place, anfwers to both eaft and welt. 


The Welt Nefs fronts the weft, therefore propereft in eafterly winds ; is ufed chiefly when 
the tide-is low. : 


The Wich or Eaft Nels fronts the eaft, and therefore beft in wefterly winds ; this thipping 
fervesat low water, but is at prefent very difficult of accefs. 


_ On communing with the fkippers as well as the principal perfons at South End and North 
Ferry, Iam of opinion that the fhippings which are of the moft immediate confequence to 


improve are the Grey Shipping contiguous to Queensferry harbour and the Welt Halls on 
the fouth fide, and the Graig End and the Wich on the north fide. 


The Grey Shipping feems to have been formerly attempted or made a place, but has been 
either deftroyed by ftorms or left imperfect ; there is a gqod mafs of {tones upon the 
place, but will need a confiderable addition to make it regular and proper ; it will be right 
to make a face both eaft and weft, and then it will be proper for winds either way, and to 


build it loping from low water, to anfwer {uch time of tide as the Fore Nefs begins to take 
place, which ferves to high water. 


The Fore Nefs thipping wants fome repair, and it would feem better if it was made ftraight 


and the jetees taken away near the lower end ; but that isnot fo immediately neceflary 
the Grey Shipping. : j 


‘The 
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The Weft Halls is chiefly a natural ledge of rocks, ftanding from low-water to high water ; 
the rocks here want part facing, part building, and part levelling ; the height of this above 
the fand fhould not be lefs than five nor more than fix feet. 


Some little help is wanted to cut down the face of the long craig from whence it has been. 
begun to low water, in cafe funds fhould not hold out after the work at Weft Hall is done. 


The craig end at North Ferry has had the moft improvement made thereon of any of 
the reft, and indeed feems the moft important ; but the work wants to be extended to the 
tuimn of the point, by which means near two feet addition of water will be gained. ‘This 
fhipping however will not extend to the low water of a {pring tide, itis therefore ofimpor- 
tance to improve the Eaft Nefs fhipping, which has plenty of depth at low water, and is 
very commodious in wefterly winds, and in all other winds that do not overblow. The 
principal thing wanted here is to fmooth down the rough rocks in order to form a road 
which in its prefent ftate feems quite impracticable for carriages and horles 5 this may be 
done by blowing away the irregularities of the rocks, or by bolting down timbers to take 


the wheels of carriages in the manner of a rail road. 


The great irregularity of each of the places that want improvement, makes it not eafy to 
get fuch meafures as would be nece flary to form any eftimate that can be depended upon 
without the whole was lined out upon the {pot, which would lake up much more 
time than my occafions could poflibly allow. But upon ageneral view of the thing, I am 
of opinion that if the fum of £590 were raifed and diftvibuted amongft the three places 
mentioned, viz. the Grey Shipping and Forenefs, the Weft Halls and Long Craig, and the 
Craig End and Eaft Nefs at North Ferry, the improvements that would be made unde: 
prudent management would be fuch as would be of real ufe to the public, and demonftrate 
that fuch further fum as might be neceflary to make the whole complete, would merit the 


aid of thofe who are enabled to give it. 


Edinburgh J, SMEATON. 
a6th Augu/t 1773+ 


P.S. The length tobe made at the Grey Shipping is 96 yards. 
That at the weft halls - - - - 142 ' 
The addition at Craig End, about 2 53 do. 


chain would be very ufeful to be laid at a convenient diftance 


And a buoy anchor and f : . 
haul off and get under way in contrary 
off the craig End, to enable the yeffels better to hau g oa 


winds. 


Vor. Ill. rf 
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EDINBURGH BRIDGE. 


The REPORT of Messrs, Smeaton, Anam, and Baxrer, concerning the 
Bridge of Edinburgh, addressed to the Right Honourable the Lord 
Provost, Magistrates, and Bridge Committee of Edinburgh. 


Hayne been called upon’by you to give ©1» opinions concerning the bridge of Edin- 

burgh, in confequence of the unhappy sccident that happened thereto upon the third 
of this prefent month, we haye in confequence ee) of us minutely examined the ftate 
thereof with all the attention we are able, we ha alfo carefully confidered every matter 
of fact that has been laid before us in way of evidence concerning it, and we have fully 
heard” and confidered every thing that has been offered and propofed to us by Meflrs. 
Mylnes towards the effectual reparation and reftoration thereof ; and upon the whole matter 
we are of opinion as follows : 


_ That not only the particular accident which has been the occafion of this enquiry, but 
every other matter of a leffer kind of which we have found this {truture complaining, has 
been caufed by an overload of earth upon the upper parts thereof, and therefore in general 
that though the effects of this over preffure has become evident by fetts in various parts of 
the building, yet if the whole be eafed of this overload, and properly bonded together, we 


apprehend that relative to a lefs weight, the remaining parts of the {trudture may be ren- 
dered firm and fecure. 


We beg leave to obferve by the way, that all heavy buildings are more or lefs obnoxious 
to fetts, and particularly thofe where great weights are obliged to reft upon fiall areas of 
fround; yet we fee buildings ftand for ages under thofe circum(tances much more than 
thofe cafes where they can be relieved of the preffure which has originally occafioned thofe 
derangements, and we mu(t further obferve that though this bridge were to be taken down 


and rebuilt with all the {kill of Europe, yet it cannot be enfured, but that fomething of 
this kind would appear. 

We elite beg leave to take notice, that the particular accident upon which we have been 
called, is of a very uncommon nature, viz. the falling in of the three vaults in the fouth 
‘abutment : we can infer in the general that this has been occafioned by an over preflure, 

3 but 
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but by what particular circumftance it has happened that the arches of thofe three vaults 
have given way in fo fudden and fo alarming a manner, we cannot at prefent invettigate, 
but which perhaps will be more fully difcovered when the rubbifh is removed ; this how- 
ever we infer from it, that as it does not appear to us that the three great arches, with any of 
their conneétions northward, have fuffered any alteration by the fudden and even momen- 
tary deftruétion of the fouth abutment, thofe arches muft in confequence be very well 
poifed upon their own legs. 


Such being the general caufes, and fuch the general remedies, we come now to the par- 
ticulars, with the method of reparation pointed out to us by Mefirs. Mylnes, with our ob- 


fervations thereupon. 


To remove the great overload of earth, Mefirs. Mylnes fuggeft may be'effected by fhaving 
off two feet of folid earth from the whole furface of the bridge. 


This will certainly have a very good effect in the refpeét mentioned, and we fee 
no objection to it, fave that it will caufe the declivity to be in the whole two feet greater ; 
but we apprehend it will ftill be fufficiently eafy ; and that it will in fome meafure obftruét 
their view fideways, but we may fet againft this, that the fame two feet relative additional 
height in the parapets, will make a fkreen to the violence of the wind, which may be ex- 
as of the year to be too feyerely felt. 








peéted in fome fea 


uft. Refpeéting that part of the north abutment which is filled folid with earth, we ob- 
ferve that the wall on the welt fide is fomewhat rounded, which we imagine has beemac- 
cafioned by the lateral preffure of the earth within it relative to the great height of the wall, 
and as this has doubtlefs happened by laying the earth again{t it, while the wall was green, 
it may poffibly go no further ; but to make it fecure, Meflrs. Mylnes propofe to raife up 
outfide buttreffes, as well againft the eaft wall as the weft, which we approve. 


ad. Refpeéting the vaults in the north abutment (which are fimilar to thofe on the fouth 
which fell in, and were the immediate caule of the accident above mentioned) we obferve 
that the ontwalls not being bonded in with the arches, are feparated therefrom about an 
inch, at a medium, at the crowns, and the crofs walls from which the arches fprung being 
loaded with a confiderable thicknefs of earth above them, are thereby preffed with a greater 
weight than the fide walls, and have therefore fettled, by the difference of from a quarter 
to half an inch more than the fide walls, fo as to break the bond between them. Thefe 


effeéts are doubtlefs owing to too great a quantity of earth above thefe vaults, prefling the 


Ffa walls 
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re Rete Sect autres olleMsibyatag ay bod cern 
FEE RS ae hoe veer MB EO eigeee ‘Hey bad original 
uilt in this manner, Meffrs. Mylnes are of opinion it will be proper to la so 
‘Part of th {pace above thefe yaults hollow by arch work ; and alfo to “of ks 
esi aaa Oy chain bars porn fide to fide, which we approve ; and “ nd 
mee , er too ‘oe we look upon it, that the beft mode of arching in this ae 
ill be imply to raife. ere walls upon the former; and upon them to {pring ne * ee 
over the prefent, to rife as high as the road will admit. oe 






3d. The fmall open arch on the north Gilefeems perfeétly found and entire, M 
Mylnes therefore think it will be fufficient™» 1.7 chain bars from fide to fide to ar a 
lateral preffure of the earth from fwaying th © » wards, till the whole is Ui ened” ¥ 
compatted a ; now as we underfland, ti: re are already relieving BaD over a 
eee. ora ae this to be a remedy fufficient, provided the two feet as 

1 of the road be approved of by the Magiftrates, o i ink i 
fhould tie heres done by way of avoiding an addon of iiesax tiled 


ahere ; =f ; 
a a sou fplits in particular parts, chiefly in the rubble work of the founda- 
: piers, which though proceeding from the unequal bearing that ineyitably attends 


ae ce 
: . Fe : - 
ene (Lt The three great arches appear itand firm upon their legs, as they were built, 


: ee ay yet would probably not have appeared, had they not been charged with 
€ inary preflure ; in order therefore as well to relieve the piers with their foun- 


raat 
dations ‘3 F ves the lateral preflure of the earth againft the fpandrill walls from the 
producing any ill effeét, we cannot but recommend any method of arching in 


the fpandrills between the great arch ill eff 
TPandh th ao one 
are ae ic ches that will effeétually fave weight in lieu of chain bars 


th. Wi ; 
eet now to the {mall archon the fouth fide, concerning which the whole of 
y we underftand that previoufly to the falling of the three vaults contiguous 


1% thereto. there was 
y ou a a fett or rend of the abutment wall from the top to the bottom, 






e itfelf aul the fmall arch as far as the impoft of the pier on the north fide, 
: Faeiasn yaa a wall but in the arch opened confiderably wider than 
branches, the Sa See us vaults ; in this arch the rend divided into two 
degree, the Tey rent: ee. y ee and which poe affe€ts the piers in a {mall 

_ apprehend torbe caufed | ad Pe od the north welt Springer. © ‘Vhis original rend w° 
at th 8, that the matter of the natural foundation of the abut- 

ward than eaftward, when the whole became loaded with 

the 
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the fuperincumbent weight of earth before mentioned, the welt fide fettled, leaving the 
eaft fide ftanding firm, and thereby occafioned the rend as firlt mentioned. ‘The falling 
of the vaults we look upon as occafioned by fome failure of a different kind; though ftill 
owing to the general caufe of over preffure, it is not therefore to be wondered that this 
rend before male, fhould become worle by the great concuffion of ground that muft have 


attended the fall of the vaults, with all the matter above them. In this ftate of things, 


Mefirs. Mylnes'are of opinion, that it is abfolutely unfafe to take down this fmall arch, 
le(t the lateral preflure of the great arches fhould by overfetting their piers, bring the 
whole into ruin; they therefore fuggeft that it mult be remedied by the following artificial 


means. 


To infert a ftrong fpring arch or « aifler ftone, diagonally from the lower part 
of the bafe of the fouth pier, to the vu» « part of the bafe of the abutment wall, by which 
means (as a brace in timber work) the over preffure upon the foundation of the abutment 
wall will be difcharged upon that ofthe pier, and thereby the dependance made ypon the 
two together. They proceed then to take down the abutment wall, to a proper height 
below the crown of the arch, and to cap it with fome courfes of large hewn ftone, firmly 
any further feparation; of the abut- 
ment wall, and upon this cap asa bafis to raife a wall of a fufficient height; to {pring a 
frefh arch over the former, fo as to occupy the whole {pace between the abutment wall 
and the next great arch, by which means the prefent arch will have nothing to do but to 
preferve the uniformity of the appearance, then to draw the fra€tured and disjointed {tones 
and bond the whole together with chain bars in the fecureft manner. 


bonded together with chain bars, fo as to prevent 


to make all fair, 


5 o% 
To this propofition we mutt be candid enough to fay, that if very carefully executed 
we mutt expect it to fucceed ; but we think ourfelves equally obliged in juftice to all con- 
cerned, to declare, that in our opinion it would be more eligible, and what we would 


3 n 
attempt were the cafe our own, to rebuild the fra&tured arch, and as much of the abut- 


ment wall, as can be taken down with fafety. ~ 
. 


. a 
To prevent therefore the lateral preffure of the great arches from taking effect, we would : 
place an additional row of fhoars in a fimilar pofition to thofe now there, which we Soule ; 
{tep upon the next fet off, on the abutment wall below the prefent, and infert them into 
the folid of the pier at about the height of the impoft of the great arch, thofe thoars to be 
of whole timber, and to be fo many in number, that the {paces will be only equal to the 


imbers. This being carefully done an j 
o : f th fide as will fupport itfelf without 


arch, leaving as much of the foffite {tanding on the nor u 
a center, 


4 


d well keyed home, we would take down the {mall : 4 


Re 
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a center, and as much of the folid work above as this wi 
ee this will fupport, then taki 
peg ; as two courfes of the bale, we would lay on two “ting aH spa 
ae fi 2 i oe without and ftrongly bonded together with chain bars. Upon * EEOF 
over 7 = aan a is again to be raifed to its proper height, and the arch tp 
‘ore, and then finifhed with an arch of relief as fu rung 
iismethod' <a ggelted by Mefirs. 

This method tothe beft of our opinion may be put in execution with ea Ses a? 
© the 


great arches, yet we cannot take upon us to fay we can abfolutely enfure it 


: 6th. Refpecting the rebuilding of the fallen vaults there is the leaft di 

. a ‘ee at aR vaults aye raifed fo high that the crowns thereof do ihe Me 

. LS cies ecUyaanice with Mefirs. Mylnes in opinion, that they will be attended ith 
po ble fecurity, as the caufe of failure will then be taken away, that i sad 

weight of earth above them, due attention being had to the {tate of the Mion, id 


ath. The walls of the fouth abutment fo far as they were filled folid with earth, fee 
fland perfeétly found and firm, and being of lefs height than the correfpondent o} —" . 
ee fide are the lefs in want of help, however for the fake of fecurity, as a “ ie: i 
dition of earth will be wanted there, Meffirs. Mylnes in like manner Stren é a igs 
them on both fides with external abutments, which we entirely approve. — 


Whee i help adding by way of relieving the apprehehenfions that may occur here- 
: a a we do not expec thefe or any other methods that can be taken, will put the 
a = i ua pr ‘: ee; but that from the compreflibility of the matter os joints 
pecially of the upper work) to open, as has haj 

1 ; ppened to all | i 
confifting of feveral arches hitherto built, and probably will ha : M tha ite 
a ppen to all that will be 


bes KS ate meee in the cleare{t and moft candid manner we are able, to fet 
e true ftate of this work, as it refpeét i i i: 

: pects the contracting parties and the public, and 
hata aa noting the accident that has happened, pera 
‘0 with fuch dili i i 
OU ccte, igence and care, that the work itfelf will remain a lafting 


w Edinburgh, x 
8 AN J. SMEATON 
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JOHN ADAM. 


a JOHN BAXTER. 


{ 223 | 


To the Right Honorable the Lord Provost, Magistrates, and Bridge 
Committee of Edinburgh. 


The REPORT of Joun SMEATON, Engineer, upon the several Matters 
referred to him by the Minutes of the said Bridge Committee, the 


17th January instant. 
venous plan, together with the feveral matters 


ith the faid minute, I find myfelf at a lols 
» whole affair for want of the following materials, 


AVING carefully confidered the 
tranfmitted to me by Mr, Stuart 
to come at an accurate judgement u 
videlicet. 
‘A true fection of the ground for the whole length of the bridge from the high {treet to 


the oppofite intended landing upon the natural ground. 


A copy of the original defign and contraét thereupon. 


An accurate drawing of what has been really executed in confequence thereof. And 


A Report of the condition in which the foundation of the crofs fide walls of the fouth 
rubbifh was removed fo far as to enable Mr. Mylne 
ich materials feem neceflary to compare with what is 
that the accomplifhment of this great neceflary work 
t IL have feen and know of the affairy’and from 
I fhall endeavour to deliver 


abutment arches, appeared when the 
to build upon them as it is faid ; whi 
now laid before me. Neverthelefs, 
may fuffer no delay from me, from. what 
what I can colleé& from the feveral papers tran{mitted to me, 
myfelf with all the precifion I am able. 

ve referred to, I find no reafon to de- 


hat is contained in the report of the 22d of Augutt lait, wherein 


joined with Meffrs. Adam and Baxter, but find many reafons to 
e the neceflity of the moft material par- 


Having perufed and re-perufed all the papers abo 


viate in opinion from w 
I have the honour to be 
confirm me therein, and to more ftrongly enforce 


ticulars therein contained. 


it feems in many refpects a delineation of what is 


Refpecting the anonymous plan, ie 
ort, which, for the fake of diftin@tiva, I fhall join 


pointed out in the before mentioned rep 
in calling the Engineers report, the following particulars however excepted. 


rft. He 


» 


—_—, ~ 
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a center, and as much of the folid work above as this will fupport, then taking do 

abutment wall within two courfes of the bale, we would lay on two ftring actin i 
aifler within and without and ftrongly bonded together with chain bars. Upon this = 
freth bafe the abutment wall is again to be raifed to its proper height, and the arch fj = : 
over a8 Before, and’then finithed with an arch of relief as fuggefted by Mefirs My ie 
This a ahd tothe belt ofour opinion may be put in execution with perfect fafety ‘sf4 


great arches, yet we cannot take upon us to fay we can abfolutely enfure it. 


6th. Refpecting the rebuilding of the fallen vaults there is the leaft difficulty of all, for 
if the walls of thefe vaults are raifed fo high that the crowns thereof do properly acy the 
road, weoperfectly agree with Mefirs. Mylnes in opinion, that they will be attended with 
all poflible fecurity, as the caufe of failure will then be taken away, that is, the great 
weight of earth above them, due attention being had to the ftate of the PMadgtion. al 


qth. The walls of the fouth abutment fo far as they were filled folid with earth, feem to 
{land perfe@y found and firm, and being of lefs height than the correfpondent ones on the 
north fide are the lefs in want of help, however for the fake of fecurity, as a further ad- 
dition of earth will be wanted there, Meffis. Mylnes in like manner intend to ftrengthen 
them on both fides with external abutments, which we entirely approve. 


‘We cannot help adding by way of relieving the apprehehenfions that may occur here- 
after, that we do not expect thefe or any other methods that can be taken, will put the 
building in fo equal a poife, but that from the compreflibility of the matter fome joints 
will appear (efpecially of the upper work) to open, as has happened to all large pride 


ae of feveral arches hitherto built, and probably will happen to all that will be 
uit. 


; Thus we have endeavoured in the cleareft and moft candid manner we are able, to fet 
“4 the true ftate of this work, as it refpeéts the contracting parties and the public, and 
we do not doubt, that notwithftanding the accident that has happened, the reparation 


will beattended to with fuch diligence and care, that the work itfelf will remain AL 
5 » thal ie rk itfelf ll a laft ng 


Edinburgh, ™ 
22d Augufl 1769. J. SMEATON. 
JOHN ADAM. 


JOHN BAXTER. 
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To the Right Honorable the Lord Provost, Magistrates, and Bridge 
Committee of Edinburgh. 


The REPORT of Joun SMEATON, Engineer, upon the several Matters 


referred to him by the Minutes of the said Bridge Committee, the 
17th January instant. 


[ AVING carefully confidered the 
tranfmitted to me by Mr, Stuart 


venous plan, together with the feyeral matters 
ith the faid minute, I find mylelf at a lofs 
to come at an accurate judgement w + whole affair for want of the following materials, 
videlicet. 
A true feétion of the ground for the whole length of the bridge from the high {treet to 
the oppofite intended landing upon the natural ground. 


A copy of the original defign and contraé thereupon. 
‘An accurate drawing of what has been really executed in confequence thereof, And 


A Report of the condition in which the foundation of the crofs fide walls of the fouth 
abutment arches, appeared when the rubbifh was removed fo far as to enable Mr. Mylne 
to build upon them as it is faid ; which materials feem neceflary to compare with what is 
now laid before me. Neverthelefs, that the accomplifhment of this great neceflary, work 
feen and know of the affairs and frem 


may fuffer no delay from me, from what I have 
I fhall endeavour to deliver 


what I can colleét from the feveral papers tranfmitted to me, 
myfelf with all the precifion I am able. 


Having peruled and re-perufed all the papers above referred to, I find no reafon to de- 
yiate in opinion from what is contained in the report of the 22d of Auguft lalt, wherein 
[ have the honour to be joined with Meffrs. Adam and Baxter, but find many reafons to 
confirm me therein, and to more ftrongly enforce the neceflity of the moft material par- 


ticulars therein contained. 


it feems in many refpects a delineation of what is 
which, for the fake of diftinétivn, 1 fhslll foin 
lars however excepted. 


Refpeéting the anonymous plan, 
pointed out in the before mentioned report, 
in calling the Engineers report, the following particu 


rit. He @ 


| 
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1ft. He propofes to build a divifion wall and to lay floors in the fouth abutment by 
way of tying the crofs and fide walls together, and to take down’ the north abutment, in 
order to rebuild it upon the fame plan as the fouth. ; 

RS im wy oe Py * : 

adly. He propofes, to raife the building four feet higher than it was laid out for at the 
time of the accident, to fill up this {pace with earth or rubbifh, and reduce this addi. 
tiona by conftruéting hollow cylinders over the piers, which from the draft appear 

led twenty feet diameter. — : 







+ 
4 > 
hia oe to the matter contained in the firft article, as the anonymous gentleman pretty 
7 ftrongly i nuates: that the public will not be fatisfied with the judgment of thofe who 
have fp eka their lives in the ftudy of the poife and ftrength of materials 5 
“as I expect the gentleman knows their mind, I hope they will be fatisfied with what he 
has now propofed, and as Mr. Mylne makes no objeétion to the execution thereof, I fhall 
not obje& it, as it can do no harm. I only defire to fay, that I think it unneceflary, 
ecially,in works to be carried up anew. Had he propofed to have run a divifion wall 
* through ne north abutment, and to have only taken down the walls below the fpring of 
. efent a1 hes, in order to have tied them afrefh together by good bond ftones, and 


ethem high enough to turn freth arches at a/proper height, inftead of turning 


ae 







ve the prefent as propofed by the engineers, he would have made’a judicious 


+ 





h ones 0 
- improyement ; to take them down ‘to the ground can do no more, and to take them up 

© ‘entirely, after having been compreffed with double the weight they will again be fubject 
Cae £ ¥ 


to, in order to lay them on new bearings, may render them obnoxious to cracks and 


ey Tetaggihefore 


To be in the fecond article, namely, the raifing the whole building four 





feet higher, A entirely objeét : for though this in his opinion may relieve the fears of the 
© public, it will greatly increafe mine. “ 


From: what appeared on view, it was my opinion, and feemed that of the gentlemen 
‘with me, that the piers of the great arches had complained of the load of earth that then 
¥ had been upon them, but not in fuch a degree as to be abfolutely unfafe, and there- 
fore could they be lightened there could be no danger of their failing. What Melfirs. 
Mylnes propofed concerning the fhaving of two feet from the whole furface, might poflibly 
be underftood in different fenfes by the gentlemen to whom delivered ; and though we 
concurred in the fame w ‘it is poffible we might have different ideas affixed thereto, 
(fuch is the {tate of manhood) ; I did not for my part underftand that Mefirs. Mylnes pro 


3 © pofed to fhave off two feet from the body of the earth then upon the bridge, which if J 
oo ° & remember 


i) 
} 
\ 
' 
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remember right, was about that quantity below the height, which would have been 
neceffary to have completed his then plan; but to fhave off two feet from the plan as 
propofed in its completion; for had I underftood that he meant to rediice the earth 
upon the bridge, then two feet too low, to be tworfeet lower, the relative heights of the 
parapets and declivity would have been four feet, and not two feet greater as obferved in 
the report. In fhort, my opinion, and I underftood that of thofe with me was,"that the 
piers of the great arches could not fafely carry a greater load than then lay upon them, 
and with fome reduétion would be fafe ; with this view the 4th article was drawn up, which 
I defire in this place may be read. 


It is faid in remarks upon the anonymous plan, article sth, that by Mr. Mylne’s plan, the 
top of the cornice or level of the caufeway, was to be nine feet above the foffit of, the » 
arches. The ground was then, or was to be, reduced by fhaving to feven feet above th , 
foffits; the anonymous plan adds to Mr. Mylne’s plan four feet, that is 13 feet above the 
follits; and is fo delineated in the plan before me; confequently the anonym plan 
propofed to lay upon the bridge fix feet additional height and wéight more than was 
thought prudent by the engineers’ report, amounting to upwards of 4000 tons, Upory the 
bafes of the four detached piers, and I beg leave to obferve, that 20 feet cylinders, or the 
yalue thereof, are practicable over the piers, when the road is at the height of feven feet 
© tons is all fheer addition to, the engineers” plan; ome fmall 





above the foffits, this 40 
deduétions for the different height of the parapets above the road excepted. * 


In order to be more diftin& upon this fubject, we will confider the difference that will 
arife to one pier alone, {uppofing one of the piers fupporting the centre arches, which will 
be fubjeéted to the greateft preffure; it is evident, that one of the piers {upports not only 
the matter above it, but one half of each adjoining arch, and the matter above them. 
Six feet addition will therefore lay on a load of 1200 tons upon the bafe of one of the 
centre piers more than by the engineers’ plan, and 600 tons more than they have yet been 
loaded with, even after deducting the cylinders propofed 5 and 350 tons more after dedutt- 
ing the greatett cylinders practicable in the given dimentions but without purfuing the 
anonymous)plan any further, I will now take it up as acceded to by Mr. Mylne, and fup- 
pofe it to be executed to the greateft advantage. Now according 9 the reduction propoled 
by Mr. MyIne, there {till will be an addition of four feet to the engineers’ plan, and though 
that height will yet admit of cylinders larger in diameter by ig feet than marked out in 
the anonymous plan, yet the load on one of thefe piers will ftill be greater by 684 tons 


than by the engineers’ plan, and greater by 86 tons than it ever yet has carried, that is, 


fuppofing the ground never made up within two feet of the top of the cornice. a : 
ge 


Vou. Jl. Gg 


~ 


2 
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bridge committee may, if they pleafe, try this experiment; and I won’t fay it will not f foun 
ceed ; but I can by no means recommend it. Wed . fhould feem gradually to conform itfelf to the ground it ftands upon, aid) to" tha to 
: — which it is to be connected. ‘The line of the top of the parapetis, according to this idea, 
It fenting Ty 2 aRisaatiataiuliine: the tyidgesie®W'be. made aecelible i \ marked out with red ink upon the plan *; the height of the road being alfo diftinguifhed by 
eafy manner thaprefent Mean lentea dhl allow, confiltently wish'th . , in the moft a dotted line, either of the above methods, as they leave the /tability of the bridge without 
as senaiceiithetanitmeie , y ® reductions propofed a doubt, Lthink far preferable to any increafe of its load, which in raifing it can fearcely 


be avoided ; fo far from it, I would fooner propofe to reduce it two feet more, that is to 
five feet thicknefs from the foffit of the arch to the top of the road; for, as | underftand 
the penftones are from.three feet high, there will {till be a two feet cover, which, in my 


Front the eighth article of the explanation of the anonymous plan, it is faid, the building 
is raifedfour feet higher tomake the line of declivity gney in 16, ‘as was originally Pntenler 
and to end at the breaft of thefouth abutmes, « Wut the planbefore me makes a Salivity 
of abouts in 144, and the remarker, artic’: Sve, obferves, that to recover the loft height 
ae a rife of fix feet ten inches; taking th). ©. granted it follows, that at the height north abutment commences; and in my opinion the reducing the whole to one level after 
affigned by the engineers there will be a lofs of eignt feet ten inches; now I find the length the firlt defcent will have a better effect upon the eye than bya fecond angle bent the con- 


of the flope contained within the compafs of the plan before me is about’ 360 feet, and trary way, in leaying the breaft-wall of the north abutment, and will at the fame time 
fromethe tendency of the lines there feems to be about 106 feet wanting of the fummit in 


th@ high {treet to complete the whole length: it will follow therefore that this addition 


opinion, is amply fufficienty and even then, the flope from the fouth abutment will meet 
the horizontal plane beforeyyou are over the neareft pier of the center arch, and this 
plane will {till be higher, though not much above the level of the point from whence the 


greatly relieve the vaults and retaining walls thereof. 


oof eight feet ten inches will reduce the flope from 1 in 16 to 1 in 12; and I beg I beg leave further to add, refpecting the fra@ured arch on the fouth fide, that P have 
leave to obferve that in hilly countries, where the flopes in turnpike roads can be reduced | no reafon to differ from what is contained in the fifth article of the engineers’ report. if 
fo; as not to exceed 1 in 12, they are efteemed fully to anfwer the intentions. The ‘ think it may be repaired as Mefirs. Mylnes have propofed, and I think it may, be taken 
afcent of the arches over Weftminfter Bridge was originally laid out to be 1 in 20, but | down and rebuilt with fafety, and this 1 advife. I think the abutment wall’may be 
L apprehend from the eye, that the afcents at each end, areat leaft 1 in 12, aveaitiaia a effetually tied together, if taken down within two courfes of the bafe, and that the’pre- 
Jkind of rule in thefe parts that in laying out roads and bridges, if the afcents do not ex- | ference of taking it down to the furface of the bafe can amount to little SROEY in reality 
ceed three inches per yard, they are no ways objectionable. The flope by me originally than taking away the remaining appearance of a crack, as the foundation will then remain 
laid out for the afcent of the weft abutment of the bridge at Perth, is 1 in 12, and of fragtured as it is, nor do I think it any ways eligible to take it Gore up, for fines the 
this may be produced a multitude of examples. In faét, fince the whole afcent between | preffure it has had has updoubeally brought all to a-folid bearing, the ae i pe 
two given points muft always remain the fame, where the length of the declivity happens and laying it upon new bearings, may produce greater pe ino than : . ae 
to be fuch, that horfes in carriages cannot conveniently trot up, they may as well be re- cure 5 Taftlys x soe oe os meg tap i Se SE ee i ata re- 
duced to 1 in 12, at which afcent-they can conveniently walk and draw, becaufe the t to be laid horizontally, is fo efficacious againft a fett of the great arch as the 


commended in the engineers’ report. ‘At the fame time it is my opinion that either will 


length is lefs than if more floping. 
c og do, and that neither is abfolutely neceflary : my reafons for them were rather to make 





; a Re cacrked, aati Mp ieedGee mgcilive, Doig dae a that fare, which might eafily be done, and to relieve the ae el of ane 
he flope a little beyond the middle of the firft great arch; this flope will cut the level 4 and the public, than any abfolute neceflty + on the contrary, amo ee “ in = 
marked out in the engineers’ report ; and to reconcile thefe two planes without fo great 4 i greaharches worth eh ier ie he eae vs =i Ns fi od | 
difference in the height of the parapets, as would be the cafe if the top of the parapets pre- | as there is no neceflity to run this rifque, I do not advife the experiment to De tries 
ferves it level to the fouth abutment, 1 would make no feruple (were the cafe my own, and: i Aupthorpes J, SMEATON. 
I were left to do what I pleafed) to make the parapet conform tothe road; but yet, I would \ 27th January 177 « 
not fuffer them to mect in an angle, but reconcile them by a curve, fo: that the mafonry { # ‘This plan is not among, the papers of Mr, Smeaton: Ep. 
. fhould 7 | 
Gg2 
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EDINBURGH WATER SERVICE. 


The REPORT of Joun SmeaTon, Engineer, upon the State and Improve 
ment of the Water Service of the City of Edinburgh. 


ie fupply of the city of Edinburgh with a fufficiency of good water being a matter 

of very great concern, and the Town Council of the faid City having done me the 
honour to confult me upon the propofed imi" Yements relative to this bufinels, when | 
was laft at Edinburgh, in the month of tember, I have been folicitous that no in- 
veftigation or enquiry fhould be negleéte’ thar = sht contribute to the perfection and 
certainty of this great object; and this I wac more induced to do, finding that Baillie 

; Cleghorn, who attended my viewing of the premifes, had taken this matter very properly 
up, and needed only that kind of informationwhich might be expected from me pro- 
feffionally, and which my particular ftudy and application to this branch of hydraulicks, I 
truft, enable me to furnifh. 


‘Since the view above mentioned, which was upon the 6th of September laft, I have re- 
ceived from him not only copies of the two memorials delivered by him to the Town 
Council, and of the regifter from April 1778 to March 1779 inclufive, and of the neceflary 
printed papers, but alfo a plan and fection of the Hareburn and Swanftone pipe from the 
fpring to the Comiftone refervoir, which I fuggefted as neceflary to be taken, in order to 
come at proper data for the calculation of what may and ought to be done there; fo that 
the matter being now fully before me, I fhall do myfelf the honour of laying before the 
Town Council the refult of my calculations and animadverfions on this occafion. 


It is to be obferved, that a deficiency of water in the city of Edinburgh arifes from two 
caules, firlt, from a failure of {prings colleéted into the refervoir at Comingfton, in the dry 
months of the year, and, fecondly, from an incapacity of the main pipe of conduct, which 
conveys it from thence to the town’s refervoir on the Caftle Hill, to bring a fufficiency to 
anfwer the demands of the increafed number of houfes and inhabitants, who are generally 
wanting the winter feafon, when there is the greateft plenty at Comiftone, if the pipe 
would but bring it. Doubtlefs, the firft and moft obvious expedient would be that of 
enlarging the main pipe; but this being a work of great expenfe and not foon effected, 
Baillie Cleghorn very judicioufly confidered that an increafe of declivity, or total fall be- 
tween the refervoirs, by increafing the velocity of the water’s current, would in event bring 
more water as certainly as an enlargement of the pipe; he therefore propofed and 

od executed 
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executed what immediately admitted of being done, that is, to let in the water iffuing 
from the main pipe into the refervoir at Caftle Hill, at the bottom inftead of the tops, as 


it ufed to be, by which empty an addition of fall is gained equal to the depth of the re-” 


fervoir, which being feet, this added to 44, the total fall or difference of level be- 
tween the two refervoirs (in a length of 24 miles), making together 51+ feet, inftead of 
44, has fo far increafed its velocity, when there is little water in, there is'little water in the 
Ca(tle Hill refervoir, and when itis moft wanted by the town, that as it appears by the re- 
gifter it is now capable of difcharging 200 pints per minute, inftead of 160, a difference 
equal to one full fourth of its former preduce, and amounting to the additional quantity of 
112 tons per day, which alone is avery valuable acquifition. 

Obferving the good effects of this on, he has propofed: by way of ftill further in- 
creafing the quantity of water to be Liought by the fame pipe without enlargement of its 
dimenfions, to conftruct a new refervoir in the garden of Heriot Hofpital, which being 
upon a level with the ftreet of the Trone church, is confequently,above the greatelt part of 
the city, new town, and fuburbs of Edinburgh, at the fame time that itis 119 feet below the 
level a the refervoir at Comiftone, inftead of 514, which is the prefe reateft fall to the 
Caftle Hill refervoir 5 confequently if thofe parts of the town that caz be commanded 
by the lower referv oir, are continued to be ferved from the Caftle Hill, a f the 24 
reat may be appropriated to collect water in the Caftle Hill refervoir, fais teat for 24 
hours fupply for that part of the town, that diftri& being ftill dependent on tha’ “se, 
and a much greater portion of the 24 hours can then be applied to eolle& water int 
new refervoir, which, from the greater fall, will be delivered at a much greater rate, and 
much more water will be brought for the 24 hours fupply of the reft of the town, than if 
it were all obliged to afcend to the Cattle Hill referyoir ; this he has proved experimentally 
by obferving that the difcharge of water at the cleaning cock in the grafs market, lying 
170 feet below the level of Comiftone refervoir, was 160 pints per pals more than 
would have been difcharged at the Caftle Hill refervoir, though the orifice by which it 
was difcharged was much lefs than the bore of the pipe, and he alfo further confirmed 
this, by trying the difcharge at the fecond cleanfings each above a mile from Comiftone, 
which though only 131 feet below the level of the faid refervotny yet difcharged 200 pints 

er minute more that could be difcharged at the Caltle Hill, and it is to be prefumed, that 
this cock alfo was lefs than the bore of the main pipe. 


‘This propofition for a new refervoir at Heriot’s Hofpital, however judicious and effeetual 
for bringing an additional quantity of water from Comiftone when there isa furplufage 
yet when from the other caufe, a failure of the fprings, there is not more water than 


pipe will convey, no more can be had; and ai 


there, 
the prefent capacity of the 
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chiefly happens (as appears from the regifter) in the months of Auguft, September, and 

Oétober, when. moft families are out of town, yet as the prefent furplufage in May, 
~ June, and uly does not appear confiderable, in every event an additional fupply at all 

‘times is a thing moft defirable; and this Baillie Cleghorn has not only in part done, by 
< fprings and preventing unneceflary waftes before the arrival of the water from 
the feyeral fources at Comiftone ; but having obferved that a confiderable quantity of 
water furnifhed by the Hareburn runs continually waftejthat cannot be received into the 
Swantlone’pipe, and thereby conveyed to Comiftone, which the rath of Auguit lait, ina 
dry feafon, amounted to no lefs than 160 pints per minute more'than was received into 
the pipe, has propofed to lay a new pipe, of a furflicient bore to convey the whole water 
of this burn in. dry feafons as above, which he propofes to be of four inches, in aid of the 
other, and to avoid an overload of expenfe, he propofes it to be of wood. 





hele, Tthink, are the propofitions laid before me. On viewing the premiles I obferved 
that the whole of the Hareburn might be taken up upon confiderably higher ground than 
the Swanftone well, where it is now taken in; and beinginformed that the water furnifhed 
by the Swanftone {pring itfelf is but an inconfiderable part of the water now conveyed 
by the Swanftone pipe, (which, at the utmoft, appears from the regifter to be 76 pints 
per minute) it occurred to me that it might poflibly come out from a proper calculation, 
that by lengthening the Swanftone pipe to the rife fo as to take in the water of the Hare- 
burn with that of the next {pring above, would add fo much tg the fall (leaving out the 
Swanftone fpring, as inconfiderable in proportion to the acquifition of the Hareburn) 
that the prefent pipe might then be able to convey the whole of the Hareburn water; 
but this could only be known by a furvey of the length and profile, fhewing the dif- 
ference of level that there now is and may be further obtained in the courfe of this pipe. 
From the furyey and level now before me, it appears that the fall in the pipe itfelf is 
much greater, and the additional fall to be gained to thenext {pring above much lefs than 
I expected ; I hall therefore infert the following table, fhewing the refult of the different 
calculations I have made, checqued with the water attually given in pints per minute, 
where opportunity has offered ; from whence may be inferred what degree of aid it is to 
be given to thofe where that opportunity has not offered. 


For in the prefent length of the Swanftone pipe, viz. 2145 yards, there is no lefs than 
168 feet of fall; and to get 4o feet of fall in addition we mutt increafe the length 230 
yards more, which, though giying upon the whole a greater power, yet is not fuflicient 
increafe to carry the neceflary addition of the Hareburn water. 

* 


TABLE 


TABLE of Rrsuurs of Water given and expeéted by Calculation on different 
Warer-Pires belonging to the City of Edmburgh. 
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The deficiency of No. 9. in giving 4 lefs than it ought to have-done by calculation was, 
doubtlefs, owing to the bore of the cock not being large enough to let the water Frstly 
out, and it may be inferred in refpeét to No. 8. that it was fafficiently lange : by sa 
regard to No. 1. it appears that the Swanftone pipe is confiderably a in giving its 
proper quantity, which may arife from an injudicious ufe of its air-cocks, on thety not 
being air-tight when clofed, or from the pipe itfelf not being air-tight; for if any of 
the cocks are fuppofed to be open, or to take in air as much’ as the pipe will want, 
then it appears from No. 3 that the Swanftone pipe gives as much water as by bly 
tion under thefe cireumftances it ought to do, or the deficiency may arife from: 7 ele 
being fully 2% inches as reported, for if really only 24 it oe nearly its proper quantity. 
It dnad not however appear, that, if rendered perfects it is likely he convey’ the waters of 
Swanttone fpring and Hareburn, viz. 76 pints per minute that it now brings, together 
with 160 pints in addition, in the whole 236 pints, but it appears from No. 4. that ante 
of 34 inches bore would fully anfwer the end. 





Doubtlefs a wogden' pipe of four inches inaid of the prefent would be more than enough, 


i jedi iy ig all the rett of the 
non can. there be any fufficient objeCtion to the afe thereof; but as e 
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water-pipes belonging to this work are of lead, which for this purpofe is not on! 

fweeteft but moft durable, it appears to me likely that if the prefent 2; pipe a 

up and recaft of 3% inches, the addition of labour and weight of lead fyb ac “ 

nearly the fame expenfe as the laying a wooden pipe. —"" 
The weight ofa molded pipe of 2+ inches bore is feldom lefs than 

or more than’ a0 3 in the prefent cafe I fuppofe the medium weight, 3 aii: ee 

for the length of 2145 yards, will amount to 622 cwt, —- 








a° — 
~ Tt a] , q ] ire] € | je’s’ a Grea . 
Pilg from Mir. Leflie’s fection, that this pipe is almoft upon a continual detcent, 





rife but from a point which is.581 yards from the {pring head to another 
Lee in which {pace the pipe rifes 26 feet perpendicular, fo that the pipe 
being conftantly open at both ends this is the only part that fuftains the preflure of a ; 

pendicular column ; for were the pipe laid upon one continual defcent, and Wott Bid i, 
the water would lay no ftrain upon it, but run through it eehadl it would ey: 
an open channel, and the preflure of 26 feet that particular part fuftains is fo nae 
fiderable that it may be laid out of the queftion, as it will be neceffary to make tid 
pipe ftronger merely to preferve its figure from being preffed inwards than Paul 6 
neceffary. to fuftain the column of water tending to prefs it outwards. ‘ 


The cafe of the main pipe to the Caftle Hill is very different, for it appears from the 
LS eet that from the Grafs Market cleanfing-cock to the top of the Cattle 
oir, whither it ufed to rife, is an afcent of 1264 feet, and fo much pratTte 


of perpendicular column of wat ‘ ‘ 
of the Grafs Market. er, that part of the pipe mutt fuffer in croffing the bottom 


- ode pi the Swanftone pipe needs no other ftrength than what will be prudent 
e ole - ¥ its figure againft the preflure of the earth, the accidental crofling 
oad Side ages " witht plows and animals over the ground ; and for thefe purpofes 
7 oe. us 34. inch pipe as fufficiently guarded (it being carefully bedded and covered) 

of fheet lead turned and burnt, of the ftrength of 111b. to the fquare foot, which 


is exatly 3, of an inch in thicknefs, whi 
ee acaice » which method I alfo look upon as more fafe from 


s e me es will contain a foot fuperficies in a foot running, fo that 
"ene wear ht as it a computed the prefent pipe is of, viz. 33lb. to the yard, 
ee “a i pipe recaft will make the new one, with the addition of fo much lead 
good the wafte: and from a careful eftimate, I find, that this pipe fhould be 


recaft, 


[ 333 

recaft, the walte made good, carriage to Edinburgh’ and out again included, for 38. 9d. 
per yard, which, for 2,145 yards, amounts to the fum of 4o2l. 3s. 9d., whereas by a fimilar 
eftimate I find, that an elm pipe of four inches bore, including carriage out, the fum of 
360). 11S. ad. exclufive of the expenfe of opening and filling the ground, which 1 fuppofe 
to be nearly equal in both the cafes; the difference, therefore, being no more than 
qil. 12s. 6d. I apprehend will not be an object in the determination, and in cafe the 
recafting of the lead pipe is determined upon, 1 fhall be ready to fipply fuch further 
direétions for the cafting and laying of it, as fhall enable it to produce the whole of the 
effect expected from it. 


We come now to the propofition that relates to the ereétion of a refervoir in Heriot’s 
Hofpital Garden 5 and to give it fome elevation and advantage, I have fuppofed. it to be 
elevated nine feet above the ground, that is, the water to come in at 110 feet below the 
Comiftone refervoir, at which depth may be expected to’ be got 280 pints per minute, 


as per No. ro. 


It is laid down by Baillie Cleghorn, as 4 certainty drawn from experience, that when 
the water comes into the prefent refervoir, at the rate of 200 pints per minute, that this 
ss fufficient to ferve the city of Edinburgh well, that is to fay, 288,000 pints in 24 hours. 
It muft follow, that 288,000 pints in 24 hours fued from a refervoir in Heriot’s garden,. 


mutt ferve every part of the town that cam be ferved thereby: very well. 


Now 288,000 pints coming in at the rate of 280 pints per minute; will be received in 
17 hours 84 minutes, there therefore will remain 6 hours 514 minutes for the main’ to 
yun into the Caftle Hill refervoir, which will {till thereby be capable of ferving nearly 
upon +5 of the inhabitants as amply as they are now ferved, at the rate of 200 pints per 
minute. But if of the inhabitants are fupplied from the Caftle Hill refervoir, this 
will {pare of the water brought daily into the new refervoir, to be diftributed to the 
fouth fide of the town and extended royalty, beyond what is fuppofed to be comprehended 


in the fervice of 200 pints per minute. 


tie at 
to fix the dimenfions of the new refervoir in Herist’s 


It therefore now only remains 
al to the fervice laid down, 


garden, fo that it may hold a quantity of water equi 


I take it for granted, that by far the greateft part of the water ufed in the city of Edin- 
burgh is drawn in the compafs of 14 hours per day, and confequently that this may be 


looked upon as the average time of the daily expenditure. Now if the water to be drawn 


i i I : it i eryoir 
from the new refervoir were to come at the fame rate it Is drawn out, no ref 
w 


Vou. III. Hh 
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2 taken out in 
vill be required a 
a Morning, fo 
in during 


280 pints per 
le pint, will amount 
to be filled and 
1inch, or any 
made in depth, 
watte pipe, and 


t ith ent, not to dif 
5 “after nine at night, 
then to turn 
rawn into the 
the day’s 
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Foundation for a Pier. 
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COLDSTREAM BRIDGE. 

















_ (See Plate 10.) 
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Yo Mr. Pringle, 
Sir, Edinburgh, 
| This comes to acquaint you, that the Truftees of Coldftream Bridge havin 
= meeting, I laid before them the different plans, with the reafons thereof, when 
hes plan * was unanimoufly chofen, as being fulficiently clegant, and at the fame time 
i adapted to the funds, than either of thofe elevated to a femi-circle. 4 
pt plan the fide arches are 58 feet, and the two adjoining t 
the centre arch 60 feet 8 inches. They are all parts 
i arches are one-third, fo that the others rife higher, 
height of the piers above low water, including the impo 
cifely ; fo that the fhaft of the piers below low water mutt be raifed ro feet befo e 
impoft courfe comes on. I hope I fhall be able to fend the ee for the ce e 
Thave fatisfied the gentlemen relative to the foundation and n 











f two feet, is 1 










plan. 


Mr. Foreman to Mr. Smeato “4 
Sir, a Ie’ sateen Seal 
Tevtbie you with this by order of ag In 
took into confideration the centre you propofed 
one you faw Mr. Reid have a draft of, and which 
had no objection 0s except that ek che 

fwer the purpofe. But on the wright’s (carpent 

out eight pounds. Out of de 

, they had coi j 


n 
at 






































you, {tating 
preferable to the o 


Yer 
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To Mr. Foreman. as ai 
Tam obliged by the confidence the truftees are pleafed to honour me with, though 


Aufthorpe, 3d April 1764, 


in 
the prefent cafe there was no need for hefitation. The draft’ Mr. Reid fhewe. sing 
upon the fame principle as the centres whereon the arches of Weftminfter Bridy- vc 


turned, there can be no doubt of its anfwering the end propofed, if juftly and properly 


executed. But as I look upon thofe centres, when originally defigned by the ingenio 
Mr. King, as intended to Jet the boats, &c. upon the river pafs under the arches ev 


us 


en 


while they were building, there wasa neceffity of making them hollow, and of diftributing 
the fupporting piles on the fides only ; and on this account the middle part being geo- 


metrically fupported, induced a neceflity not ony of ftronger timbers, but of greater ca 
in framing the bearings thereof, than ifeach pak OP he weight were more directly fupporte 
It therefore eccurred to me that when thi » = ‘he eafe, not only flighter timbers wou 


re 
id. 
ld 


ferve, but a mueh'more fimple and eafy conitrat 1. What I had therefore in view was 


~ ‘to diftribute the fupporters more equally under the burthen, preferving at the fame time 
fuch a geometrical connection throughout the whole, that if any one pile, or row of piles, 


valu 


» fhould fettle, the incumbent weight would be fupported by the reft. 
ae) ¥ 
oth, 


Meee e * r 
With refped to the feantlings, J did not fo much contrive how to do with the leaft 
quantity of timber, as how to cut it with the leaft wafte ; for as I took it for granted the 


_ centre would be conftruéted of Eaft Country fir, [have fet down the feantlings fuch as th 
_ ufvally are in whole balks, or cut in two lengthways, and as I think the pieces will fuff 
lefs igen in the middle interfeGtion, and being cut into fmall pieces, it will remain 


of the timber each way, after it has been done with for centres, has been taken into t 
account. and there fill remains againft me a balance of eight pounds, or even cig 
fhillings, 1 vi not that partiality for my own fchemes, to prefer them where they a 
not applicable. — 


ey 
Fer 


of 


m common building, after it has been done with as a centre. If therefore the value 


he 
ht 
re 


Yet I muft obferve that had Ta lefs opinion of your carpenter than I 


haye, I fhould prefer my own for this reafon, that as the conftruétion is more obvious, 
and lefs exa€tnefs required in the handling, I fhould expeét to get a good centre made by 


fome in this way, that would make but bad work of the other. 
: Yours, &c. 


Scar oy tae 


To Mr. Pringle. 
Dear! Sit; ame tata 


J. SMEATON. 


Aufthorpe, 27th June 1764. 


Tam forry to find thi the Tweed’s gravel lies fo very open ; had it been wrecked up 
with fand and matter, aS is moft common, you would have completed the excavations with 


~ all cafe and pleafure ; but as it is common in water-works for things to turn out contra 


ry 


to 


—— 
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to expectation, change of circumftances requires change of meafures, and nothing but time 
and patience can overcome the difficulties that often arife; and you may remember this 
as an © doubted maxim, that the lefs the bufinefs is put in a hurry, the fooner if willbe 
done, provided the power is fteadily applied towards the end propofed. 


Piling foundations is generally a yery tedious and expenfive job; I was therefore defirous 
to avoid it by going down to the rock; but fince the nature of the gravel makes the 
drainage likely to turn out fo very expenfive, of two evils it is beft to choofe the leaft; 
I have therefore enclofed a defign for piling the foundation at its prefent depth, ‘viz., as I 
underftand it, three feet below the bed river, It is common in cafes of this kind 
to lay down a grating and build upon it it any piles at all; and this is certain, that 
fo long as the matter keeps under th ting undifturbed, nothing bears weight better 
than gravel; but in fo rapid a river as the Tweed, we are far from fure that the 
floods may not take away the gravel round the pier, below its prefent furface, and lay the - 
grating bare 5 in which cafe the matter will moye from under it, firft near the fides, and” 
then farther in, fo as to let down the pier, and damage the arches, The common 
defence is to build ftarlings round the piers, terminating above low water ; but as thefe con- 
fiderably contrac the water way, they are the caufe of its a€ting more violently upon 
them towards their deftruétion. 

;< 

In the enclofed defign (fee the plate), the main dependence is upon a fheet of plank 
piling AAAA, encircling the matter whereupon the pier is built, and which will hold itin, 
though theexternal gravel fhould by accident be taken away three feet below the tops thereof, 
thatis, fix feet below the prefent bed of the river; but to prevent this accident, the excavated 


fpace between the fheet piling and the coffer dam is to be filled with rough rubble-ftone ; 


B, as it comes out of the quarry 5 which, if any accident happens to it, may be repaired by 
an addition of the fame kind of matter ; but which can never happen after it is confol i 
by the gravel wafhing into the fame, unlefs the gravel without the boun ary : 
fhould happen to be difturbed, and which, if filled even with the. bed of the Da by 
throwing in rubble, will ftir no more in the fame place. - = 







‘The fheet piling is to be driven as clofe to one another as may be, and the heads 


fpiked to the frame GCC, and ; 
a the plank piles being canted off as reprefented at D, will keep them clofe at the foot. 


"This kind of plank piling when intended to hold water is grooved or doye-tailed Gs mata 
ry; but as thefe are only intended to retain the gravel, they will do plain, which will 


hei i 
ae pour ; for to drive into gravel, they ought to be of double 


fave a good deal of time and lal 
the thicknefs if of fir 5 or elfe to " 
7 


afterwards cut level with the furface thereof; the bottom — 


be made of elm or beech to prevent their fplitting, which | 2% 
I 








ee 


ed 5 
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laft’ mentioned: woods I apprehend your fituation could not readily afford. The piles 
reprefented under the frame CCC, are to be firft drove to the level of the prefent bottom, 
and cut to a level, and the frame to be faftened down with pins thereupon. “he tye. 
beams ED, &c. being dove-tailed to the outward frame, are chiefly intended to prevent the 
frame from flying outward by the preflure upon the matter within; thofe beams may be 
Jet in the outer frame about 34 inches; the other piles not reprefented under the frame, 
are to be drove after the frame is laid, and cut level with the upper fide of the frame; 
then the whole of the frame and tye-beams are to be underpinned with rough ftones ; and 
‘the reft of the {paces to be rough paved and drove down with a heavy paviour’s hammer, 
to be worked by two men, and the fpaces filled with gravel ; upon this foundation (which 
will be a kind of artificial rock) you are to build your mafonry, but note, that the outfide 
ftones muft all be headers, and long enough to reach upon the pile heads of the interior 
row, and alfo to project about nine inches beyond the fheet piling, and to be let down 
three inches thereupon, as fhewn in the little fketch F, which will prevent the {pikes from 
drawing or flying from the frame. In the courfe that brings you above water, you muit 


ay in block ftones in rows agreeably to the tye-beams, and thereby again cramp the work 


together from fide to fide, With refpeét to the interior piles, if care is taken to lay a 
found ftone upon each pile head, this will anfwer better than planking ; becaufe it gives 
leave for every part of the work to be brought into contaét upon the paving ; fo that the 
matter of every part of the area will come to an equal bearing, and fave expenfe, ‘This 
method being carefully and judicioufly executed, will I think be little inferior to a founda- 
tion upon the rock itfelf, efpecially if the whole has fufficient time to fettle before the 
arches are turned. 
* As your large piling engine will, I fear, be too heavy and cumberfome for this job, 
I Ww adVife you to get two light ones made in the cat’s-tail way, to be worked with to 
or 12 men each ; the feantling of the ftuff need not be above 3! inches, fo that the men 
that work it, will eafily move it ; three, 31, or at moft 4, cube feet of timber, will make as 
Jarge @ ram as thofe men can work, but it had better be under than over-weight ; it is 
"probable that the piles will require no fhoes, or if they do, the bearing piles being fharpened 
to a flattith point about two inches broad, and covered with a piece of rolled metal, fuch 
as ismade for caf hoops, turned up and nailed on each fide like a faddle, and a broader 
one of milled iron plate put on in the fame way upon the plank piles, is the whole we have 
ufed in the many thoufand piles we have drove upon the Calder, which is in eeneral a 
hard gravel mixed with ftones. I would not advife you to drive longer than while you 


find the piles have got a firm feat upon the rock, left by too much driving you cripple 
them, and render them ufclefs. 


The 


———— 
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‘The piles reprefented to be under the frame and tye-beams may be got near enough 
their places, bv lines ftretched from fixed points upofi the coffer dam, without taking eff 
the w ay be driven down below the water's furface by fetts, made as fhewn: 
at Z pt, thelittle iron pin at the bottom going into a hole in the pile head will 
keep it fteady thereupon ;, the upper end fhould be convex,-and the lower concave, to 
prevent {plitting the pile, and two handles ftanding at right angles to each other will be 
better than one, as two men will thereby keep it more fteady than one. This done, the 
water muft be pumped out while they level the pile heads, and lay down the frame ; then 
the reft of the piles may be drove by the fide of the frame, by fets as before; a little 
practice will render the whole eafy 5 la(J». the water mult be pumped out while the pile 
ing is performed, and the pier brought above 
and got as conyenient to the place.as poflible 


heads are Jevelled, the underpinning ar 
water ; the ftones being all ready p 

in the mean time; as to the rubbliay on the outfide, it may be thrown in at conve~ 
nience, as well when the water is in as out; but muft be done before the coffer damis 
removed. I would advife to throw into the water for about 30 feet round the coffer dam,. 
a light {prinkling of corn mould earth, this may poffibly choak up the pores of the 
gravel, and eafe you of part of the water; as much as will amount to three fourths of an 


inch thick, will be fufficient. 


If you will pleafe to let me know whether the rock be of fuch a nature that the piles 
may be driyen five or fix inches therein, 1 can contrive you an eafier way of laying the 


axt pier+ . 
BLP Tam, Sir, your moft humble fervant, 


J. SMEATON, 


P.S. The piles that are reprefented round, need not be made fo if your ftufFis furs : 
if you have not a {ufficiency of {tone for the outfide of the firft courfe, as above ding, 
you may interfperfe headers and ftretchers, but the more headers the better. 


Autthorpe, 27th May 1765, 

i fs + 

The making of a defign for the caiffon has not yet come into the courle Ph ede 

however, that you may be proceeding to Bt roe , ich ne ke 

‘ ai the fun > 3 

deals as will reach round the bafe of the caiffon by : bel 

ies a is one foot more than the common depth of the water 1 the place Bis, i i 

to ie ufed, will make the covering of the fides ; and fo much Riga Re as % i << 

three inch planks when. laid crofs and crofs, fo as to form a "ee Be exit a: 
thick, about one foot on every fide larger than the bale of the pier, 

= 


tom of the caiffon; other timber for braces, &c. will be wanted. 


To Mr. Reid. 


Tam 
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and cut'to a level, and the frame to be Fincheaddownt wien ping Munem Phe tye, their places, by lines ftretched from fixed points upon the coffer dam, without taking off 


beams ED, &c. being dove-tailed to the outward frame, are chiefly intended to prevent the 
frame from flying outward by the preffure upon the matter within; thofe beams may be 
let in the outer frame about 34 inches ; the other piles not reprefented under the frame, 
are to be drove after the frame is laid, and cut level with the upper fide of the frame; 
then the whole of the frame and tye-beams are to be underpinned with rough ftones ; and 
the reft of the {paces to be rough paved and drove down with a heavy paviour’s hammer, 
to be worked by two men, and the {paces filled with gravel ; upon this foundation (which 
will be a kind of artificial rock) you are to bysid your mafonry, but note, that the outfide 


the v ay be driven down below the watet’s furface by fetts, made as fhewn 
at Z » pluie, the little iron pin at the bottom going into a hole in the pile head will 
keep it fteady thereupon ;, the upper end fhould be convex, and the lower concave, to 
prevent fplitting the pile, and two handles ftanding at right angles to each other will be 
better than one, as two men will thereby keep it more fteady than one. This done, the 
water muft be pumped out while they level the pile heads, and lay down the frame ; then 
the reft of the piles may be drove by the fide of the frame, by fets as.before; a little 
praétice will render the whole eafy; laftly, the water muft be pumped out while the pile 


heads are levelled, the underpinning ar ing is performed, and the pier brought above 
ftones muft all be headers, and long enough to reach upon the pile heads of the interior water ; the ftones being all ready p and got as convenient to the place as poflible 
row, and alfo to project about nine inches beyond the fheet piling, and to be let down in the mean time; as to the rubbliae on the outfide, it may be thrown in at conve. 
three inches thereupon. as fhewn in the little fketch F, which will prevent the {pikes from nience, as well when the water is in as outs but mutt be done before the coffer damis 
drawing or flying from the frame. In the courfe that brings you above water, you mutt removed. I would advife to throw into the water for about 30 feet round the coffer dam, 
lay in block ftones in rows agreeably to the tye-beams, and thereby again cramp the work a light fprinkling of corn mould earth, this may poflibly choak up the pores of the 
together from fide to fide, With refpect to the interior piles, if care is taken to lay a i gravel, and eafe you of part of the water 5 as much as will amount to three fourths of an 
found ftone upon each pile head, this will anfwer better than planking; becaufe it gives inch thick, will be fufficient. 


leave for every part of the work to be brought into contact upon the paving ; fo that the 
matter of every part of the area will come to an equal bearing, and fave expenfe. ‘This 
method being carefully and judicioufly executed, will I think be little inferior to a founda- 


If you will pleafe to let me know whether the rock be of fuch a nature that the piles 
may be driven five or fix inches therein, I can contrive you an eafier way of laying the 


tion upon the rock itfelf, efpecially if the whole has fufficient time to fettle before the pee Tam, Sir, your moft humble fervant, 
arches are turned. : J. SMEATON. 
“As your large piling engine will, I fear, be too heavy and cumberfome for this job, : P.S. The piles that are reprefented round, need not be made fo if your ftuff i aa : 
Iw advife you to get two light ones made in the cat’s-tail way, to be worked with to if you bave not a fufficiency of {tone for the outfide of the firft courfe, as above -_” 
or 12 men each ; the feantling of the fluff need not be above 31 inches, fo that the men you may interfperfe headers and {tretchers, but the more headers the better. 99 
A aac, A < 
~ that work it, will eafily move it; three, 3:, or at moft 4, cube feet of timber, will make as \ : 
Jarge a ram as thofe men can work, but it had better be under than over-weight ; it is | To Mr. Reid Aulthorpe, 27th May 1765- ‘ 
F : 


» probable that the piles will require no fhoes, or if they do, the bearing piles being fharpened 
to a flateifh point about two inches broad, and covered with a piece of rolled metal, fuch 
as is made for cafk hoops, turned up and nailed on each fide like a faddle, and a broader 
‘one of milled iron plate put on in the fame way upon the plank piles, is the whole we have 
ufed in the many thoufand piles we have drove upon the Calder, which is in eeneral a | to be ufed, will make the covering of the fides ; and fo much Riga balk as elcaa? 
hard gravel mixed with ftones, I would not advife you to drive longer than while you ’ three che latiis when laid crofs and crofs, fo as to form a folid hotter of Ge ca 
find the piles have got a firm feat upon the rock, left by too much driving you cripple thick, about one foot on every fide larger than the bafe of the pier, will form the ee 
ae pail COED SOM ates tom sa the caiffon: other timber for braces, &c. will be wanted, " 


The making of a defign for the caiffon has not yet come into the courle “ He ee : 
however, that you may be proceeding to get proper ftuff, as many two a ; ee 
deals as will rena round the bafe of the caiffon by the fum of Hit breadth, ¥ wh i 
length is one foot more than the common depth of the water in the place where it 1s 
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" of any carriage whatever ? 


ao me 15 
Tam much furprifed at your account of the water rifing three fect perpendicular on 
the welt fide of t ue ridge, more than on the eaft in time of floods, andi think you mutt 





have made fe e miltake 3 but if the cafe be as you ftate; it will be highly neco™iry to 
take away the ground, and make aclear paflage through the firft arch, as well as to 


remove all the gravel thrown out of the foundation, and every other impediment to the 
free paflage of the'water: and alfo carefully to examine from time to time whether the 
rubble at the foot of the piled piers keeps its place without derangement ; if not, timely 
to renew the fame with heavier ftones, or by extending the quantity. But I do not 


apprehend this need be done till you find fome call for it. " 
_ wis: gating 7 Your's, &e. 
+ Sahel. oaake aa * v J. SMEATON, 
From Mr. Pringle. Tees, November 22, 1766. 


The Truftees for Coldftream Bridge hearing that you have infpeéted it very narrowly, 
beg you will be fo good as to let them have your opinion of it in writing; particularly 
if you are perfectly fatisfied about the fufficiency of the work, and if you think it has 
been carried on with proper expedition and economy. 


Do you approve of laying a gangway on each fide for foot paffengers ? And is there 
gravel enough laid on for this winter, to proteét the crown of the arches from the weight 


5 f Your’s, &c. 
Ne 3 J. PRINGLE. 


' ‘To Mr. Pringle. 


ae 

Your favour of the 22d came to me ata time when I was fo’ much engaged (and 
which has indeed been the cafe ever fince I had the pleafure of feeing you at Cold{tream), 
that I could not poffibly give you a diftin& anfwer to your queftions concerning Cold- 
‘Stream Bridge fooner than the prefent 5 for of all things I cannot make time. 





ift. As to the fufficiency of the work? Inanfwer to this I can fay with great pleafure 
and truth that T have not feen better, and in this refpeét I fhould have thought myfelf 
very happy if every defion of mine had received equal juftice in the execution; por can 
T apprehend that any material part will be fubject to failure in a very long courfe of 
years, provided that a little attention be paid to the two piers, that are founded on piles; 
to fee that the furrounding rubble ftones lie in their places; or if removed by the great 
rapidity of floods, to be replaced by others as foon as may be; it will be neceflary to 
attend 


q 





- 


[241 J 


attend to this point for fome years, though it is what moft probably may not ever 
happen; there being all the fecurity in the cafe that can be. De 5. 


J 
rey 


adly. As to the length of time? According to the account I have received, it was 
begun the 7th July, 1763, and opened for all kinds of carriages the 28th Oftober, 1766. 
A {pace of time comprehending three years three months and three weeks. This bridge 
confifts of five principal arches, which with the four intermediate piers extend 353+ feet 
between the abutments ; befides two abutment arches of 20 feet each; and including 
abutments, extends 568 feet in the whole, being in breadth, including parapets, 25 feet. 
I doubt not but a much greater quantity of ftones may be putstogether in the fame 
time upon the dry land, or in a fituation “not expofed to fo many hazards: but it is 
confidered that the River Tweed {wells by rains and fnows frequently 14 feet perpen- 
dicular, and comes down with great rapidity ; fo that the work could not be purfued 
with any tolerable profpe& of fafety more than fix months in the year, and th ‘fre- 
quently interrupted by fudden land floods as aforefaid; thefe things confidered, not 
know whether there is any example of fo great a work attended with the fame difficulties 
that has been done in fo finall a time. 


adly. Refpeting the economy that has been obferved in the conftrudion thereo % 
think you informed me that the neat expenfe of building, this bridge did not or ¥ rin 
not when fully completed exceed 6o00l. ‘Things of this kind are beft judged of by 
comparifon ; we have feen inftances of bridges as long, as broad, and as high-built for 

a lefs fum; but either they have been built in a more gentle river, or their piers have 
not been laid fo deep below the low water furface, or below the bed of the river; or 
they haye been Jaid upon a more uniform ftratum of matter, or le(S ferupuloufly fecured, 
or they have been built with fmaller ftones, or lefs exaétly put together ; fo that 4 
in the whole I believe there has been no example of any bridge being built for fodmall'a 
fam where circumftances have been equal or fimilar: and it is much to the ered: of = 
Mr. Reid, the furveyor of this work, that every thing that has been tried has: fucceeded 5 
and the whole has been done without lofs of life or limb to any one concerned: nor does © 
there appear any fettlement, falfe bearing, or fiflure in the whole work, fave a very 
minute one but juft difeoverable in the common fpandrell walling above be of the piers, 
or one fide, and in the joining of the work of two different years, and this wholly oe 
fioned by laying a weight of gravel in the fpandrells of the arches that reft on thi 
when none could be laid in an adjacent {pandrell to balance it; the whole not 


. ¥. 2 
mention, but to fatisfy thofe who may have thought it of more baa 
gh 









really is. 
Von. I. 
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$0 much as to the fufliciency of the work and the conduc thereof : you next enquire, 
Whether there is a fufficiency of gravel to protect the crown of the arches d:»y!ng this. 
winter from the weight of any carriages whatever? I am told there is thick 
above the crowns of the arches, and if fo it is very fufficient; if it fhe os ! oy pen to cut 
deep, which is not to be expectéd, the rutts fhould be occafionally filled: and I appre. 
hend it would do very well if never filled higher; but for greater fecurity it will be 
proper to make an addition as hereafter mentioned. 


Laftly, You afk me if I approve of laying a gangway on each fide for foot paflengers? 
I think it will be very proper to cover the © Irelt walls with tolerably thick {capelled 
flags or paving ftones, which will not onl, Se a caping for the fpandrell walls, and 
thereby prevent the wet from foaking dows i: » them, but at the fame time make a 
walking path on each fide, and as there will ftill ve 16 or 17 feet clear, this will be very 
fufficient for the meeting of carriages: the gravel then may be made up within nine 
inches of the furface of the walking paths, and laid a little rounding in the middle like a 
turnpike road. N. B. It will be proper to lay a ribband of {tone nine inches thick next the 
road, to prevent the grazing of the wheels, or elfe to make the flagging nine inches thick, 
efpecially on the outward fide next the gravel. This I think, Sir, anfwers all your querics. 
Your's, &. 
I. SMEATON. 


To Lord Home. 
My Lord, Aufthorpe, 5th September 1770 
The very day your letter is dated I was viewing the bridge at Kelfo, and’ in my 
journey to Woolerhaughhead had paffed within fight of Coldftream Bridge, and where f 
fhould with great readinefs have called had T had intimation that any thing had been 
amifs with it. In my way north I paffed over it in the beginning of July, but as I heard 
nothing I did not enter into any particular examination ; but obferving the {tones lying as 
Ufhal upon the falient points up ftream, I took it for granted all was right. It was # 
» requeft I many times repeated to my late worthy friend Mr. Pringle, and to Mr. Reid, 
that great care fhould be taken for fome years to maintain the rough ftone work 
round the two piers founded on piles, and from time to time to repair the fmalleft 
derangement till the whole fhould become fettled: and I am forry to fee that this, 
as well as many other public works, has been fo cramped in the finifhing, that 
many effential things are left incomplete; and that it is not left worth the while 


of the perfon who has had the principal hand in the execution, and who BY 
e 
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pe deft able to fee and judge, and apply timely remedies, to intereft himbele 
therein. 


Something of thekind now wanted is always neceflary to be applied in gravel bottoms, 
and the cafe is Noways difficult if done with judgment: and no better method can be 
taken than what you have already done, that 4s to throw in large rough ftones, fo as to 
form a flope up againft the bafes of the piers, and when this is done, to throw a con- 
fiderable quantity of gravel upon them, or fmall rubble, in order to wath into and fill up 
the chinks of the larger ftones. The lefs this outwork is extended, beyond What is 
neceflary to fecure it a fufficient natural bafe, the better, as all/obitruétion to the free 
courfe of the river through’ the arches, is hu-tful.. It is poflible that as thé “work will 
not be allof a piece, fome of the ftonés may be deranged by the adtion of the flood, but 
thofe being made good again feldom fail a fecond time, unlefs it be occafioned bya 
failure in fome*other place. All piles and wood-work are to be avoided, as the failure of 
the wood proves fooner or later a failure in the ftones. The piles and’ boards: there are 
the remains of the coffer dams, which it was then thought not prudent totally to 
eradicate, for fear of difturbing the gravel; but now that the rapidity of the flood has, 
I apprehend, taken away the furrounding gravel, and let down the wood-work, and 
thereby fapped and taken away the gravel from under the ftones, the latter mult 
neceflarily go down; let therefore the whole be made up with rough ftones, and as 
they can no more be fapped by the ranning away of the gravel from underneath them, 
you will find they will lie, and this the better, if thofe which can be laid by hand are fo 
difpofed as to lean down ftream, as I formerly direéted ; and if it be found; that after a 
great flood the ftuff to be laid upon the larger has difappeared, partly by wafhing into 
the interftices, and partly by wafhing away, it muft be renewed till the interftices appear 
filled. Tt perhaps may be a queftion, as I expect it is only fome part of the farrounding 
works that has fuffered, whether thofe which have not failed fhould remain till they 
do, and then be made up in the fame manner as before direfted, es whether the ples 
fhould be now drawn, and the whole made up at once? But this iS a matter which, 
without infpeétion, or the Report of Mr. Reid, fetting forth oe condition thereof, IT am 
not enabled to decide upon. But this Tam élear in, that if ths bufinels be carefully and 
properly performed, after all dependence on the wood-work is gone; =a a — 
ments as may happen in the courfe of two or three years Fepaired, till the whole we 
to a bearing, this part of the work will laft for ages, and in cafe of any Future ie 
fortune can always be made good in the fame way. I beg leave'to obferye thee pou " 
ftones will not abi rough ftones from the quarry are belt, the rougher they are the 


better. 


li2 hh. 


pny 
‘In regard to forming a dam below the bridge, it is in this place totally unneceffary. - ; 
the piles on which"the piers réft are confiderably below the water’s furface * 
_ ftate of the river, the work mentioned would be ftill neceffary, and Wan 
as much as would do the work in the way I mentioned four times over. 
oe * Tam, &c. 





i ey - = © J. SMEATON. 
To the fame. ass " iy haf ae 
My Lord, Autthorpe, 16th Auguft 1781, 


Ro) airs < * 

I have been informed by a friend who pomed over Coldftream Bridge laft month, 
when the water of the Tweed was remarka) fe _ that hejobferved the rubble laid for 
‘the defence of the piers to be much ruflled, ¥ ace part taken away, and left 
in the Tweed about forty or fifty yards below the bridge, and that im his opinion the 
rubble that had been laid, was too {mall and thin. i, 


On this occafion, if any thing be neceffary to be added to my letter of the sth Sep- 
tember 1772s ‘it is, that would recommend the rubble flope againft the piers to extend 
Reina up ftream above the falient points; and if a bank or fhoal of rubble were made 
about thirty or forty yards down ftream, the place where the prefent rubble is carried 
to, it would greatly tend to keep the defences about the piers in their place: and as this 
bank or fhoal need not be raifed fo high as one foot below the furface of the water, in 
the ordinary ftate of the river, there can be no objection on account of the falmon 


fifheries ; it fhould be a competent breadth at the top to refift the action of the floods in 
pafling over it. . 
mi . 


From what has happened, I am apt to think with my friend, that the rubble made ule 
of has been too fmall, As hevis not a man of my profeffion he may be miftaken, yet as 
he is of a general good jtidgment of things, I could not omit giving you this intimation 
for the public fervice, as Your Lordfhip had formerly honoured me with your correfpon- 
dence on this fubjeét. It was the original intention to build all the piers upon the rock ; 
but Mr. Pringle finding the expenfe of pumping run very high, begged that the two piers 
in ueftion might, if poffible, be founded on the ftratum of gravel which laid above the 
rock; which haying been gradually worn away by the aétion of the floods, has occa- 
fioned the derangements that have fince happened to the defences ; which, however, being 
carefully attended to and kept up, the piers will reft with equal folidity upon the central 
matter as at firft, : x 

F Iam, &. 
J, SMEATON. 


a 





nLPORT Of Rosert Rep on the State of Coldftream Bridge. 


To the Honourable the Truftees, appointed by Act of Parliament, for the Roads and 
Bridges im Berwickhhire. 


TT evidently appears from experience, that the fecuring of the foundation of the piers of 
Coldftream Bridge is an annual expen notwithftanding all the vigilance and care of the 
plying. The reafon is obvious} # great many 

j fecured the rubble ftones which were laid about 
the foundation of the end piers. And immediately after the great flood in the year'1782,. 
they were obliged to lay a confiderable quantity of large ftones, which exceeded the 
limit allotted to them, which was ten feet from the piers which thefe guard piles 
pointed out. This being the cafe, the water is fomewhat confined in its paflage, and 
when it begins to rife it runs with fuch rapidity that it has'thrown out the. gravel from 


truftees living near it, the expenfe is 
of the guard piles are gone that for 


between thofe two piers founded upon wood, in great quantities, ealtward from the tailsiof 
the piers, In fome parts it has gone the depth of four feet, at other parts eightfeet,)and 
five feet; and if it fhould continue to work at that rate, it will bring out the gravel 
from between the piers, and leave thele two piers ftanding upon ftilts; and may be attended 
with bad confequences. 


The queftion will now ftand, how this is to be remedied ? This I have pointed out 
to be by a dam-head, with a row of piles through the river, and a quantity of ftones om 
each fide of them, about 100 feet or thereabouts below the”bridge ; and whatever 
ftones, or other {tuff the river brings, it will leave it there, and fo go on till it has raifed it as- 
high as the dam-head, and in place of taking away any thing from the foundation, will be 
conftantly laying to it ; which muft fecure your foundation as long/as the dam-head ftands, 


the piles being in the middle offit, will fecure it a long time: 


Perhaps fome objections may be made about the falmon fithing > to obviate thefe, there 
will be fome openings left at proper diftances for the paflage of the fith. a 
Now this method I am perfectly fure of being effectual, as I helped to put one of thefe 

dam-heads into execution, at abridge built by the Government over the niy 1 
year 1735, and has been the fafety of that bridge ever fince. \ Before the ee — 
was perfettly finifhed, the river was making whirlpools at the tail of the pier; and a te 
obferving: 


C4 J 


Jn regard to forming a dam below the bridge, it is in this place totally unneceflary. - ; 
the piles on which"the piers reft are confiderably below the water’s furface ‘5 


-ftate of the river, the work mentioned would be ftill neceffary, and a0) 


as much as would do the work in the way I mentioned four times over. 

Tam, &c. 

2 J, SMEATON, 
To the fame. 

My Lord, Aufthorpe, 16th Auguft 1781. 

I have been informed by a friend who pod over Coldftream Bridge laft month, 

when the water of the Tweed was remarks) | w that he obferved the rubble laid for 

‘the defence of the piers to be much rufiled, «+ wifiderable part taken away,, and left 

in the Tweed about forty or fifty yards below the bridge, and that in his opinion the 

rubble that had been laid, was too fmall and thin. 


On this occafion, if any thing be neceflary to be added to my letter of the 5th Sep- 
tember 1770, it is, that) would recommend the rubble flope againft the piers to extend 
thirty feet up ftream above the falient points; and if a bank or fhoal of rubble were made 
about thirty or forty yards down ftream, the place where the prefent rubble is carried 
to, it would greatly tend to keep the defences about the piers in their place: and as this 
bank or fhoal need not be raifed fo high as one foot below the furface of the water, in 
the ordinary ftate of the river, there can be no objection on account of the falmon 
fifheries ; it fhould be a competent breadth at the top to refift the ation of the floods in 
pafling over it. 


From what has happened} I am apt to think with my friend, that the rubble made ule 
of has been too fmall. As he is not a man of my profeffion he may be miftaken, yet as 
he is of a general good judgment of things, I could not omit giving you this intimation 
for the public fervice, as Your Lordfhip had formerly honoured me with your correfpon- 
dence on this fubjeét. It was the original intention to build all the piers upon the rock 5 
but Mr. Pringle finding the expenfe of pumping run very high, begged that the two piers 
in queftion might, if poflible, be founded on the ftratum of gravel which laid above the 
rock; which haying been gradually worn away by the aétion of the floods, has occa- 
fioned the derangements that have fince happened to the defences ; which, however, being 
carefully attended to and kept up, the piers will reft with equal folidity upon the central 
matter as at firft. 

Iam, &. 
J, SMEATON. 


aie 
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KEPORTf Rosert Rep on the State of Coldftream Bridge. 


To the Honourable the Truftees, appointed by Act of Parliament, for the Roads and 
Bridges im Berwickhhire. 


TT evidently appears from experience, that the fecuring of the foundation of the piers of 
Coldftream Bridge is an annual expen? 
truftees living near it, the expenfe is 


notwith{tanding all the vigilance and care of the 

plying. The reafon is obvious; a great many 
of the guard piles are gone that for j fecured the rubble ftones which were laid about 
the foundation of the end piers. And immediately after the great flood in the year 1782, 
they were obliged to lay a confiderable quantity of large ftones, which exceeded the 
Iimit allotted to them, which was ten feet from the piers which thefe guard piles: 
pointed out. This being the cafe, the water is fomewhat confined in its paflage, and 
when it begins to rife it runs w ith fuch rapidity that it hasthrown out the gravel from 
between thofe two piers founded upon wood, in great quantities, eaftward from the'tails of 
the piers, In fome parts it has gone the depth of four feet, at other parts eight feet, and. 
five feet; and if it fhould continue to work at that rate, it will bring out the gravel 
from between the piers, and leave thele two piers ftanding upon ftilts; and may be attended 
with bad confequences- 















The queftion will now {tand, how this is to be remedied? | This I have pointed out 
to be by a dam-head, with a row of piles through the river, anda quantity of ftones on. 
each fide of them, about 100 feet or thereabouts below the"bridge ;. and whatever: gravel 
ftones, or other ftuff the riverbrings, it will leave'it there, and fo go on till it has rai 
high as the dam-head, and in place of taking away any thihg from the foundation, will be 
conftantly laying to it; which mult fecure your foundationyas long as thedam-head ftands, 
the piles being in the middle of it, will fecure it along times : 5 


Perhaps fome objections may be made about the falmon fithing r to obviate thefe,. there: : 

will be fome openings left at proper diftances for the paflage of the fifh. ee 

Now this method J am perfedtly fure of being effectual, as I helped to p 

dam-heads into execution, at abridge built by the Government over th 
fafety of that bridge ever fince. Before 

year 1735, and has been the yof dl idg et 
was perfettly finifhed, the river was making whitlpools at the tail of the 


* 
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obferving that, all hands went to work to make the dam-head, which remains there to 
this day. 


Another thing would require attention: as the fouth arch is for the molt part of the 
year dry: formerly, when converfing with Mr. Smeaton about this bridge, he faid it 
would be of great advantage that the water were brought through this arch, that it 
niight give relief to the reft; and at the breaking of a froft there is commonly a moun- 
tain of ice lying in this arch, for want of water to carry it off. 

ROBT, REID. 








OPINION and DIRECTIONS of Joux Smearon, Engineer, for the Pre- 
fervation of Coldftream Bridge, upon the Condition thereof, as ftated 
in the Plan and Report of Mr. Robert Reid, dated October 19th 17845 
4ran{mitted to him in the Letter of Mr. James Gray of 3d May 1785. 


‘Lo the Honourable the Truftees, appointed by Ac of Parliament, for the Roads and 
Bridges in Berwickthire. 


‘Sirs, 

1 obferved, in my anfwer to the letter of my Lord Home in the year 1770, upon 
aderangement of a fimilar nature to the prefent, that I had: many times repeated to my 
late worthy friend Mr. Pringle, of Lees, and alfo Mr. Reid the executive mafon, that great 
care fhould be taken for fome*years to maintain the rough ftone*work round the two piers 
founded on piles; and from time to time to repair the f{malleft derangement, till the 
‘whole fhould become fettled;° that fomething of the kind then wanted, is always 
neceflary to be applied in gravel bottoms; and that the cafe isno ways difficult, if done 
swith judgment. 


Since the year 1770, niuch greater and more violent floods have happened in all the 
northern rivers, than had been before pointed out to my experience notwithflanding 
which, the fame kind of dire@tions having been punétually and carefully attended to at 
the bridge at Perth, no derangement has happened to produce any alarm. 


Ih the year 1770, the fpeats of the Tweed had then in fome meafure deflroyed the 
pile fences, originally driven to form the coffer dams for draining off the water while 
the piers were founding; and which it was thought improper to draw, for fear of 

be rt difturbing 


" upon a level, that in the {inalleft {peat it will flow over its whole I 


[ 247 J 
diQurbing ©. furrounding gravel; the interior fpace being filled with rubble ftomesy to 
defend ol immediately furrounding the piers within the faid fences; but thofe 
giving ‘wn the ftones contained within them. As it thus appeared that the 


pile work not*defenfible by. its own ftrength and? ftability, but that if reinftated, 
mutt be externally defended by the depofition of ftones, Tthought proper to advife, that 
the whole fhould be made up with rough ftones; obferving at the fame time, that it was 
matter of queftion which I could not decide without infpeétion,. as the whole of the 
furrounding works might not have fuffered together, whether thofe which had: not 
failed fhould remain till they fhould fail, and then be made up in the fame manner as 
thofe already direéted ; or that the r g piles fhould be drawn, and the whole made 
up at once. 


It appears however from the prefent “port, that by purfuing the methods thendireéted, 
the immediate foundations of the bridge have been fo far preferyed entire: but as the 
ftones depofited for the fafety of the foundation have hereby enlarged their bafe and flope, 
and in confequence fomewhat ftraitened. the water-way 5 and proving too ftubborn to be 
removed by the rapidity of the ftream, its aétion has been exerted in removing the gravel 
Between the piers remaining undefended; and has pooled the holes, as particularly fet 
forth and defcribed’ in that report. 


For my own part, I generally: find it right to apply the ftrengthening plaifter imme~ 
diately to the weak part, and would begin the work by filling up every pooled part, even’ : 
with thofe parts that remain of four feet deep > and in confideration of the increafed ra- 
pidity of the floods within the laft 15 years, I would advife all thefe fillings to be per- 
formed with ftones ofa larger fize and weight than before dire€ted 5 (that'is to fay) witht 
{tones from a tonto half a tom weight, and to chock in the interfpaces with leffer ftonesy 
of fuch fizes asto make the whole a tolerably regular furface, extending as far as the” 
pools exceed the depth of four feet 5 and then by way of further fecurity, I would begin- 
an artificial fhoal to act in the nature of a dam, by laying a row of large ftones acrofs the 
river, at the diftance of 100 feet below the bridge ; and then depoliting otrrets textes above! 
this, bringing the work forwards towards. the bridge, and! a little increafing in height, tor ro 
the breath of 30 feet; and fo as to pen the water 14 or 2 feet deeper under the bridge at : 
low {till water, than it now is ; and then to lope it upwards to the further breadth of 20° 
feet ; making 50 feet in the whole breadth= this will make fo eafy a flope, that 
will make their way over it without interruption. T would make! the lov 
for the water’s ordinary paflage in dry times, in the place where it now 
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Irappears on this oceafion, when the work of the dam or fhoaliseftablifhed, as it will 
interfeét the deep part of the river, that it will be proper to furround the pier that ftands 
upon the rock, with a ftratum of large ftones chocked in with fmaller, 0 as.t~ form a 
bed or ftratum of about two feet thick; and to a diftance of fix or feven feet from the bafe 
of the pier, where the rock is bare on the north fide ;:and till it meets the {tone of the rub. 
ble for defending the north fide of the fecond pier : but at the down ftream end to be con. 
tinued till it meets the foot of the flope of the dam; by which means the aforefaid bed 
will be fupported. sd ‘ 18 

The ule of the depofition of this bed round. the pier upon the rock, is to preferve the 
floor of timber of fix inches thick, that lies between the rock and the bafe of the ftone 
work of the pier; for though it will not rot, yet the rapidity of the water running by, and 
aéting upon its outward border, will doubtlefs in procefsof time corrodeit, and may under. 
mine the outfide, fo as to caufe the outer to feparate from the interior core. I do not 
imagine that any effential harm can as yet have happened from this caufe; but it feems 
now time to fet about fuch an expedient, to prevent future mifchief. 


‘When the worl: is brought to this fituation, it will be proper to make the trial of an- 
other winter, in the courfe of which I would expect that part of the prefent bottom that 
does not now lie above four feet deep, being undefended, will be further pooled, and 
ought then as foon as perceived to be filled up even with the other, with heavy matter of 

‘ the fame kind ; in confequence of which the whole will become capable of refifting the 
aétion of the water; and when by attention the whole of the foft places are made good, 

~ then it may be expected the bottom will remain untouched for ages. Icannot fay I would 
advife the ultimate performance in this manner juft now, becaufe it will coft more to work 
away the gravel under water to a {ufficient depth, than it will to fill the cavity when made; 
and if a firatum of fufficient weight and folidity were depofited over the prefent, it would 
too much obftruét the water-way. 


Anregard to the erection of a dam-head, without filling up the pools, though it is very 
poflible the river may do it, yet it is very poffible that it may not: and though this may 
be the cafe at Tay Bridge, this is but a fingle inftance ; and the operation of rivers is fo 

~ very various according to fituation, and I have feen fo many dam-heads where the water 
has not filled them with gravel, that I cannot recommend it to depend upon this alone : 
whereas by filling the extra depth of the pools, and forming a fhoal or dam ofa lower 
kind, laying firft a row of the largeft ftones by way of footing to the reft, no piles will be 
wanted, which are both expenfive and tedious in the execution. An application of this 
fame kind 1 recommended at Kelfo Bridge, where notwithftanding a dam that had for 


years fubfifted below, the piers were become fo pooled and undermined, as to put the 
: bridge 
t 


——— ee 
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bridge in imminent danger : befides, in this mode of working, after the (tonés are!won 
from the quarry, there will not be the need of a mafon’s tool to be laid upon them, 

Furtheore-1 apprehend it will be of utility and very proper that the fouth arch fhould 
be deepened to the fame levelas the pool when filled as already direéted ; and when this 
freth furface pools further, to be treated in the fame manner as the reft. 


; J. SMEATON, 
Grays Inn; 
16th May 1785. 


AT a Meeting of a Committee of the Truftees for the Berwickfhire Turnpike Roads 
and Cold{tream Bridge. . 


Coldftream, gth Augult 1790. 
Prefent — Eight Truftees, and Lord Swinton, Preefes. 


Inter alia, The following Memorial concerning the Bridge over the Tweed, near Cold. 
ftream, was laid before the Meeting : - 


‘About fix years ago the river Tweed being very rapid, formed feveral pools or weels 
round the pillars or piers of the bridge, particularly the middle piers, which are founded 
upon wood, whereby it was thought the bridge was in confiderable danger. 
That thereupon Mr. Smeaton was confulted, and gave ina very full advice to the truf 
in general, to build a dam-head or dike acrofs the river, about feventy ~ 

es 


tees, whitch was, 
fect below the bridge, and of a height about two feet above low water mark. 


“That this was done accordingly 5 but fome time after it was made, upon @ fuggeftion 
of fome of the truftees that ifit was continued in that manner it would be an obftruc- 
tion to the falmon getting up the river, a cut was made in the middle of the dam-dike, 
about feven feet wide, by way of making a free paflage for the falmon. ; 


Mr. Reid, mafon, who is employed to take charge of the bridge, ftates that the gufh = 


of water pafling through this opening makes a hollow in the channel of the river, ‘ 


above and below the dam-dike, and particularly it {weeps away much of the | bg 

which the river brings down from above the bridge, and which sat otherwife erwi 8 et a 

above the dike, fecure its permanency, and prevent the blowing yound the piers. ve 
Kk 


Vou. Ul. 
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Mr. Reid farther’ ‘nforms the truftees, that in cafe a paflage through the dike for the 
falmon coming up the river was neceflary, it might perhaps be fafe to fill up the nrefent 
cut in the middle of the dam, and in place of it to make another open 
end of the dam-dike, and oppofite the fouth arch, which is founded v 
where the river runs upon or near the rock, 


uth 
w= rock, and 


The truftees having confidered the above reprefentation from Mr. Reid, and having 
themfelves vifited the river, which happened then to be {peat or flood, fo that they could 
not fee the effects of this guth of water either above or below tie dam, they had various 
opinions concerning this matter ; fome ae that there was no need of any opening 
at all for the paflage of the fifh, others ¢ a ® that the fifh would be ftopt except in 
fpeats ; but all agreed in this, that the dam- ~e het been of the greateft advantage to the 
bridge, and that the prefervation of the dam was th: falvation of the bridge; it was fit 
to confult Mr. Smeaton what was neceflary tobe done in this matter, viz. whether, in 
his opinion, any opening was neceflary for permitting the fifh to pafs up the river, and 
whether there was any danger from fuch an opening, and whether, if there was any 
neceffity for it, it ought rather to be on the fouth fide than in the middle? and that 
he would be pleafed to communicate his advice and particular direétions on the whole 
matter. 


And in order that Mr. Smeaton may be the better enabled to give an opinion, they 
direé& foundings to be made by Mr. Reid and Mr. Sharp, furveyor, in Coldftream, of the 
depth of the water both above and below the dam, and particularly in the channel of the 
opening ; and to be fent to Mr. Smeaton along with the memorial. Ixtracted from the 
minytes of the truftees book. 

: JOHN TURNBULL, Clerk. 





REPORT of Joun Smuaron, Civil Engineer, upon the State and 
Condition of the Bridge of Coldftream, as ftated in the Memorial to 


the Truftees of the Berwickthire Turnpike Roads, and Coldftream Bridge ; 
the gth Auguft 1790, 


When I had the honour of delivering my opinion upon the proper remedy for curing 
_ the defeéts then already felt, and further apprehended, in the foundation of Cold{tream 
> Bridge, 


eat all 


— 
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Bridge, about fix years ago; wherein I advifed a dam-dike to be built acrofs the river 
about 70 feet below the bridge, and about two feet high at low water ; I ftated this 
height, in viewthat it fhould be no obftruétion to the falmon getting up the river ; 
having feen feveral inftances of even upright dams of four feet high and upward, in 
falmon rivers, and which were not confidered as an obftruétion to the paflage of the fith ; 
as they are frequently feen to leap to a greater height than that. I could not therefore 
conceive that at two feet high, upon a /loping current, the leaft objedtion could arife, 
or be thought of. Tam very happy to find that the expedient propofed and executed, 
has fo effe€tually anfwered the intention, 


Had I been confulted concerning the expediency or manner of the cut fuggefted to 
be made through the body of the dam,'I fhould certainly have delivered it as my opinion, 
that none was in reality neceflary : but if to fatisfy the apprehenfions of thofe who thought 
themfelves interefted in the fifhery, the truftees fhould think fomething neceflary, I 
fhould never have advifed the execution to have been in the way it is fuggefted by this 
memorial to haye been done; viz. @ cut of SEVEN feet wide in the minpLe of the 
dam-dike. 


T think it very lucky that this cut, belng in the middle of the river, and confequently 
where in fpeats the principal current muft be, has not by degrees grown wider and 
deeper, fo as have deftroyed the dam; and thereby have brought the bridge itfelf 
into that kind of danger which this work has been intended to guard again{t, 1 
therefore recommend that the cut be filled up and made good, as at firlt; and in cafe, 
to fave objeétions, an opening muft be fomewhere, it will, as Mr. Reid yery properly. 
fuggefts, be much the fafeft on the fouth fide of the river, where the river runs the 
fhalloweft, and upon a rock. Indeed, I fee no objeétion to remove the damedike fo far 
entirely that the water may flow freely and without obftruétion through the whole of 
the firft arch of the bridge from the fouth ; and oppofite to the firlt pier begin the dam- 
dike, to rife gradually fo as to come tots prefent height oppofite to the fecond pier from 
the fouth. Indeed this flope will be formed in reality by the fubtration of the prefent 
matter, but yet it muft be taken care to be caped with fuch new matter or weighty 
“ftones as are likely to lie and refift the current in fpeats. E 

J. SMEATON: 






Gray's Inn; 
26th November 1790. 
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“* 4 NEWCASTLE BRIDGE. ~~ 
REPORT of Joun Smeaton, Engineer, concerning the State of that Part of 
Tyne Bridge, between Neweattle and Gateth« id, Which is in the County 


4 of Durham. aig le. 


AVING carefully infpeded the fouth » of Tyne Bridge the 16th of September 
Wjaft at low water, 1 found it in 2 - nert Mate of dilrepairt but as it has been 
originally ill built, I look upon it asimpofit ie, 4. ftanding fo many years, to render it 

perfectly found, unlefs the whole was new built, which is not the prefent propofition ; 

yet by occafional repairs feafonably applied, it may laft for many years. I fhall sheer 

take the arches in order, and confine myfelf to the pointing out of fuch things as more 
3° immediately call for affiftance. 

; a SE i 

The firft arch be from the fouth fide, is in a great meafure blocked up by 
cellars for convenience of the houfes above, and has no current of water through it, 
when the low water is below the fterlings or jetees, asthey are called, which furround 
all the piers in the manner of London Bridge: this arch feems at prefent to want no 


"+ material repair. 


“he fecond arch has a paflage between the jetees at low water. The aiflering of the 
piers on both fides this arch wants repairs, many of them being loofe, and fome of them 
dropped out: the aiflering on the north fide appears worfe than it really is, having been 
built originally bulging, at leaft fo it feems to me. 

meas 2 : Oo 

spawihe whole or greatelt part of the arches of this bridge have been lined with ribs, 28 
~ was cuftomary formerly, with a view to ftrengthen'them, but it fo happens that a great 
many of ‘thofe ribs have feparated themfelves from the arches that they originally were in 
contact with, and have tumbled down, one of the ribs now remaining in this arch 3 viz 
that on the up’ ftream or welt fide, is fo far feparated from the arch, and isin imminent 
* danger of falling, that to prevent mifchief to any that may be under it when it happens © 
, _ fallyit will be proper to tale it down: I do not apprehend it to be any ways neceffary t 

/ © rebuild its becaufe lL cannot fuppofe it has ever been of any real ufe.. 
= pe ; In 
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In the middle of this arch the ftone work is entirely perforated by an area of about 
fourewards by. fix, and as the bridge has been fo conftruéted at firlt, this area had once 
bee vered by a draw-bridge by way of defence, being fo placed that, if open, the paflage 
over the bridge, as it nowds, between the houfes would have been {tapped thereby. “Hhis 
area is now floored with timber covered with earth, and paved at the top like the reft of 
the bridge, fo that when carriages go oyer this part of it, the vibration of the timber makes 
it appear to fake. The main timbers are pretty ftrong, but the whole has been very 
roughly executed, and has all the appearance of a job done in a great hurry. “Tr feems 
alfo to have had fome repairs occafioned by the rotting of the ends of the great beams 
which have been fupported by piers put ynder them; fome of the {mall wood that is 
fupported by the greater appears to b 
confequence can happen. In fact, as “t find the ftate of this flooring fenfibly different 
from what it was when I viewed it in the year 17655 for that reafon it may be fuppofed 
poflible to continue for anumber of years to come; but as it is a piece of work fo put 


ed ; but while fo fupported nothing of great 


together, that one cannot anfwer for it, a failure may happen when it is leaft expected ; 
and as the lives of men depend upon it, and it is in a vifible ftate of decay, it appears to 
me that it ought to be repaired ; and as it is very probable it may never be wanted again 
to ferve the original intention, while it is doing I would recommend this area to be 
arched with ftone, and as the centre may be ereéted underneath, and every thing prepared 
for turning the arch before any thing is difturbed upon the top, I apprehend all may be 
with eafe completed in three days ftoppages * 


The next arch has loft all its ribs, yet fhows no figns of infirmity, except that as the 
pen ftones are in a double layer, compofing an interior and an exterior arch, the former 
is a little feparated from the latter, on the down ftream fide of the fouth haunch. Some 
repairs are wanted in the fetting of the jetees of this arch, as alfo more or lefs in all 


the reft. eng a 


‘The fourth arch from the fouth fide, or fecond from the draw-bridge arch, js called 

Keelman’s arch: it has originally had five ribs underneath it, of which there is only one 
= c F 

remaining ; but it fhews no lofs by the want of them, the up Itream fhoulder of the pier 

on the fouth fide of this arch, wants repairs; and together with the reft a number of {mall 
articles which it would be ulelefs as well as tedious to mention. tiie : 


‘As the whole of the repair is a kind of jobbing work, there is no ground | which 
to form an eftimate of the expenfe; for when part of anold edifice is an ecu ae 


to be repaired, it often difcovers fomething unforefeen, of which a repair is: equally ne- 
ce 
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ceflary ; for this reafon (except the arching of the draw-bridge area) it cannot well be 
done by contraét, becaufe a contractor will not do more than originally appeared, and 
thereby the fore may be left unbottomed; a if done by day-work, the stenic will 
depend greatly upon the honefty and addrefs of the workmen, — But I fhould imagine the 
whole, ftone-arching in the draw-bridge included, may be done as well’ as the ftate of 
the bridge will admit of, for 1gol., or at moft, 200, 5 
_ Ayfthorpe eins: SMEATON. 
Odober 18th 1769. re 
N.B. This part of the bridge belongs to the fee of Durham. It fell down in a 
great flood in 17; and was rebuilt in its prefent form by Mr. Mylne. 








REPORT of Joun SMEATON, Engineer, upon the State of that Part of 
3 Tyne Bridge, belonging to the Town of Newcaitle. 





Hewes carefully viewed the north part of Tyne Bridge, the goth of April 1771, 
being attended by Mr. Craifter and Mr. Gunn, I am of opinion as follows, 


That the whole of this bridge is founded upon piles fawn off above low water mark, 
in the manner of London Bridge, and in the fame manner, each congeries of piles for 
fupporting the pillars, is firrounded with a work of defence called fterlings or jetees, 
‘which, reaching from two to three feet above water, each probably one or two feet aboye 
‘the heads of the bearing piles, thereby defend them from decay, and from being 
fapped at the bottom by the immediate aétion of the water upon them. Thofe jetees, 
however, being chiefly conftruéted of timber, and being immediately expofed to the 
aGion of the water, are always in a perifhing ftate, and therefore themfelves gradually 
come under a courfe of repair, though they feem pretty effeCually to have defended 
opal for fupporting the fuperftruéture, as there does not appear to me to 

e any {hrink of the foundations which at prefent can be noticed. The jetees from the 
middle » that divides the counties, to the north fhore, appear to be at prefent in 
tolerable'order ; fome few ftones are wanting from the upper furface, but which will be 


eafily replaced:in courfe of a repair. 


gees S : ‘Riny? ne eee 
hole o' 


i ru@ture bas more fenfibly felt the effects of time, having been 





Su originally very ill built, and in general of too fmall ftones, and not of the belt kind ; this 
: if ut 


3 ahs ak a added 
rs 
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added to the great wear and tear occafioned by the frequent running of the keels againit 
the piers and hips of the arches, has produced derangements that can never be effectually 
met ; pecaufe the new work, which from its nature muft be fuperficial, can never 


be firmly united to the old, and therefore, thofe repairs cannot be of long duration, 
as they are eafily difplaced by frefh ftrokes, being chiefly retained by cramps of iron: 
from thefe caufes almoft the whole of the aifler facing of the piers is loofened from the 
core of rubble work within, and which appears alfo to have been the cafe for a courfe 
of years back; the arches refting upon ftones which are very much decayed, and 
which cannot be replaced without danger of bringing down the arches they fupport; 
this renders the whole fuperftru€ture ir fo ill circumftanced a fituation that nothing 
lafting can de done at it. 


It is not eafy to fix the duration of a piece of ftone work, as we daily fee inftances of 
old buildings hanging together in a furprifing manner : and as the infirmities that I have 
pointed out are not of yery recent date, nor any thing happened that is particularly alarm- 
ing, 1 fhould expeét that with conftant attention to repair its defeéts as they gradually 
arife, this bridge may be fupported many years longer ; however, as it is not poflible to 
be affured how long it may laft, its apparent condition is fuch as would readily induce 
me to recommend the thoughts of a new one, if I could fee a poffibility of advifing any 
thing to which there are not very manifeft objections. : 


The moft defirable fituation feems to be a bridge below the prefent one, as being molt 
central to the town; but the depth of water there is fo great as to make fuch an under- 
taking exceedingly expenfive. 


The moft eafy, leaft expenfive, and what could be done in far the fhorteft time, would 


be to build a new fuperftruéture upon the old foundation ; but as upon this plan it could. 


not well be made above four feet wider than the prefent breadth where widelt, and as 
there would be a neceflity of continuing the prefent jeteess J apprehend this meafure 
would ftand univerfally condemned, ; i ; 

To put down new piers in the prefent fituation, upon new foundations, fo as to after= 
wards take away the jetces, would greatly prolong the time, and add to the expenfe and 


difficulty ; efpecially as the places of the new piers would be obliged Scien 7-8 
old ones, and thereby increafe the number of, piers that would be neneleeae , 
es 


~ an entire new ftructure. 


s 
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To build a bridge above the prefeat one, would be done at lefs expenfe than in any 
_ cafe, if an entire new one, but would be lefs central than the prefent. 


4 
ree ” ’ _ 








Lh deavoured to throw together thefe general thoughts, that it may be clearly 
© feen how the matter hinges. With refpett to the current repairs that are now neceflary, 
x and of which it is not poffible to make an eftimate, being fuch as have ufually happened ; 
itis, however, neceflary to fay fomething refpeéting the rebuilding the land-breaft and 

" -firft arch from the north fide. a 


7 haye é 


+ Pe nae aaeaah 4 

: “The north arch is certainly in the moft ragged condition of any ; but being a {mall arch 
2M is in lefs danger of falling. The immediate rebuilding thereof depends upon another 
ois matter. Tf a building is to be ereéted upon the key-wall, conneéted with the land-breaft, 


the land-breaft wall is fo bad above low water, as not to be fafe to make any building 
intended to be durable upon it. The key-wall cannot properly be rebuilt, without doing 
_ that part alfo whereon the Ja(t arch of the bridge refts, being conneéted together. ‘That 
‘which the arch refts, cannot be done without taking down. the arch, and when 
1 it will not be proper to rebuild the arch without new doing the face of the pier, 
-whereon its other haunch is to reft. The negleé& of which, in rebuilding two or three 
“other arches contiguous, which appear to have been dohe not very many years ago, 

. + Loccafion their not being of longer duration’than the old ones. In fine, if there is 
ite neceflity of ‘building upon the key-wall, and if there was any profpect of 
dee, then the rebuilding ‘of the faid'arch may be deferred ; but if the bridge is 
pperted as long as it can be, then I advife at all adventures to build up the wall 
h inthe moft effeétual manner. 





























~ ‘Phe gfeat arch, which is next the divifion of the counties, and the fixth from the 
orth fhiore, a@ alf> the ach next it north, commonly called the white atch, or fifth, 
s ve been original.” ‘Vhof arches are built with ribs, which are now fo much 
y bear very little weight: two out of five in the great arch, and'three out of 
ite arth are tumbled down, or have been driven down by the keels running 
at prefent the north end of the lower rib of the white arch has by a ftroke 
n driven fideways feveral inches out of its place; it is poffible ir may fo 
asit is plain from this that it fupports nothing, andias another ftroke 
{other keel will infallibly bring it down, and by the fall: thereof 
fore advifeable to take it down. 


P.S, When 
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P.S. When the north arch is built, it feems praéticable to make a foot paflage on to the 
quay, which, as it will greatly eafe the prefent narrow avenue to the bridge, will deferve 
confideration *. 





MINUTES of a View of Newcaftle Bridge, 30th April 1771, by Joun 
Smeaton, Engineer. * 
Great Arch or 6th. 


The great arch, being the fixth from the north fide, beginning at the middle of the pier 
on the fouth {pringer of the faid arch where the counties divide. : a, 








ree 
rs 


The down ftream angle of the faid pier between the town and the Bifhop of Durham is 
im bad repair, and the face of the aifler wants new pointing, and filling up to high water =) 
mark, which is in general the cafe with the whole bridge. . ai 





When any of the falient angles are new done, I would advife their being rounded by a a 
fweep of about 18 inches radius, by which means they will be lefs liable to be broken and | 
diflocated by the keels, and that all the mortar ufed within the tides mark be made with =| 
pozzolana rather than terras. | 












The great arch has been originally built with five ribs, of which the two outfide ones 
are gone, the penftones making the cover being put on joint and joint. 


In the down ftream courfe of penftones, a bad {tone near the fouth fpringer ought tobe 
in part fereeded off, and Supported by a frefh ingrafted ftone, Near the north 
of the great arch both on the up ftream and down ftream fides, the joints in the 
are become open ; thofe moft perifhed to be wedged and pointed. : 


Pier North of the Great Arch, or sth from the North Shore. 


Several cramps are loofe, and ftones out of the face, which fhould b 
pointed as before mentioned ; in the jetee north fide of the pier, fome 


want repair. 
* Nothing was done, the bridge tumbled down in the greater part, and this poses 
Neweattle, was rebuilt by Mr. Wooler, military engineer. 
Vor. Ill. Lal - 





originally buile wit one up ftream and two |. 
gone, the penftones near the fou 
-and fhould be frefh abutted. The 
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mes in te of decay, "a0 particular failure; like the reft 





The Tower Arch, or 4th. 

been.new.done fince the original; but appears to be the firlt 
tn ‘ithout ribs, and not very fubftantial. 

uth fpringer on the ‘up ftream fide are broken, but may be eafily 

at the north fpringer both up and-down ftream are a good deal 


i I The Tower Pier, or 3rd. ; 
apie ope 2s Ph pe mis? 
; "on h des that fupport the arches are a good deal wafted ; the down ftream 


een damaged and wants repair. 


h of the Tower Pier, or 3rd Arch. 


fen Bee ao - 
thout ribs in man’s memory, is in tolerable good order, 
La - ee 









ae 


North o he Tower Pier, or 2nd Pillar. 


from the North Shore. _ 


fo apt to fuffer thereby. 


ras any, but its aiflering depends altogether — 
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The firft Arch next the North Shore. oe 


This arch is at prefent in a very fhattered condition, though part of it feems to have 
been rebuilt within the compals of a few years, the oldeft part of it does not appear to have 
been original, but when rebuilt has been haftily done with bad workmanthip and materials ; 
the new part which ison the up ftream fide, hasjbeen very ill abutted, for it refts upon a ty 
bafe of about 18 inches broad at the north abutment, and is gained on upon the old work 
till it comes to the breadth of five or fix feet. 

























The abutment of the north arch is upon a part of a quay wall, extending both aboveand 
below the bridge, the whole of which above low water is in a fhattered condition, and feems 
‘ery improper to build upon without firft rebuilding the wall itfelf, at the fame time taking 
down the north arch, and rebuilding both at the fame time. ? fevers 





= A ~ - < 
When this is done, I advife to clear away the north face of the firft pier, to at leaft four 
feet in breadth, quite down: to-the foundation pile heads or platform 5 and if any thing = 
there appears deficient to make it good with new, then to raife up this face of the pier with 
large and good aifler, in order to reft the fouth end of the arch thereon, by this means this 
will becomea part of a new fuperftru€ture, and the reft being gradually feryed in the 
fame way, will in time produce in effe& a new erection. fae a nea sad 
eh aa 
It feems praéticable to increafe the breadth of the bridge fo as to make it about four — 
feet wider than atprefent, that is, about 20 feet wide within the parapets; 16 feet may : 
allowed for the carriage-way, which will admit two carriages to pals freely, and leave four ie 
feet for a-raifed walking pathy ‘ 2 : 


It is alfo pratticable to make a foot-paflage from the bridge through the old b 
the quay, and from thence immediately to the fand hill, which will 


fent narrow avenue to that end of the bridge, 
ata 


ae ur ee 
N.B.. The jetees being chiefly timber, arein a general ftate of decays 
fent in tolerable order ; what is moft amifs has been particularly pointed ae 


=i 
Necwcaftley 3 pe : 
oth May; 1771. 
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od 


A REPORT iclative to Tyne Bridge. 





4 postin bridge having been ereted fome centuries ago, upon the principles that were 
then in common ufe for fuch edifices, as may be feen from many of the old bridges 
over great tide rivers in England, and alfo in feveral parts of Europe, namely upon ftilts, 
furrounded’ with a kind of bafement called ftarlings; has always had the fame inconye. 
niences and imperfections attending it, to which all others of this kind are fubjected. 





~ & . 

ts are a great number of large piles dr’ down into the bed of the river, fup. 
tin mber platform or framing under eat * alittle above the loweft water of 
the *, Upon which the mafonry is eftablifhed, a: thofe ftilts being furrounded with 
a row of clofe piling at the diftance of feveral feet, and the intervals filled up with gravel 
and other {tone materials, thrown down at random; and the whole connected with proper 
timbers, and paved down at top with large ftones, a few feet above low water mark, 
form the footing or bafement for the fecurity of the pier, which is called a ftarling. 









‘Upon thefé principles thi bridge has been hitherto frpported, though the river is fub- 
je& to rapid floods and driftice in the feafon,. without fuffering any thing very confiderable, 
y except in one or two of its arches, within the memory of man. 

. S0° SL : — 
“The total breadth of the river between the quays or abutments being 539 feet, the 
piers or folids of the bridge took up’or occupied a third part of it, and’ when the tide fell 
: below the top of the ftarlings, they took up fomewhat more than one half of the free water- 
way, immediately above bridge ; and this great contraction of the water-way has at length 
sy contributed its effets towards bringing about its ruin, by increafing the rapidity of the 
ss ftream  paffing under it, fo-much as to gull away the ground under the arches, {weep 

- SS Saway ane of the ftarlings, “undermine the ftilts, and throw down or render incapable of 
repairs, five of the arches out of ten whereof this bridge was formerly compofed. The 
arches of the bridge itfelf are likewife too low, feven out of the ten being totally filled up 













with w sve theif crowns or key ftones, by the late flood of the 17th of November 
aft; wl eas produced this, and many other unhappy events of the kind upon this and 
p the neighl ouring rivers, 
as sh te ‘ ‘ 


jood was three feet fix inches ‘higher at this bridge than the memory of man or 

s ever taken notice of; and the ground on the ealt or lower fide of the bridge 
fo as to produce a depth of twenty-feven feet fix inches of water at low 
16 water; 


"Sie 


“= 


ae 
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water, when at a medium there is only feven and eight feet depth in the river immediately 
above the bridge, or on the weft or upper fide of it, and this circumftance is now 


mentioned to fhew’the danger the four remaining arches ftill continue expofed to, by 
ftanding as it were upon the edge of a precipice. 


The inconvenience juft now mentioned, arifing from contraétion of water-way by this 
manner of conftru@ion, and which at length has been fatal to the edifice itfelf, is far from 
being the only one which this mode of proceeding occafions; the trade now carried on 
upon this river, fo neceflary to the kingdom in general, requires many hundred of keels 
with coals, and other fmall veffels, to pafs and repafs under this bridge almoft every tide; 
both in the day time and in the night. T’ ngs which project from fix to eight feet 
from the piers, under each of the arches cn covered.a little by the tide, expofe them 
unavoidably to frequent damages and lofles, and often to utter ruin and deftruction. And 
of fuch events, gentlemen converfant-in the trade are fufficiently acquainted with number 
lefs inflances, fo as to-mako-it totally unnceeflary to-mention any further, than that the 
ftarlings themfelves frequently fuffer in the rencounter, and inceffant blows contribute to 
their wanting frequent and expenfive repairs. 

Other inconyeniencies attending this bridge muft now be mentioned, which are fufficiently 
known to every perfon who has had occafion to pals over, it; One of whichis the fteep 
afcent from the fouth end of the bridge, rifing one foot in feven or eight for a confiderable 
fpace, with the confined narrow {treet all the way, Which renders the whole extremely 
dangerous to every paflenger, whether ina carriage, on horfeback, or on foot, and fre= 
quently oceafions great interruptions and confufion; when. carriages or a number of paf- 
fengers happen to meet upon it j and being the principal road of communication between’ 
Scotland and the fouthern parts of the kingdom, expofes every individual to thofe hazards, 
who has occafion to make ufe thereof. ‘The other inconvenience is the narrownels of the — 
bridge itfelf, which within the parapets is 15 feet wide only, and infeveral places melted 
to g feet by: buildings and other obftructions, and equally produétive of the laft mentioned 
hindrances, dangers and delays. . 

‘After this detail of circumftances relative to this bridge, the next confideration, of courfe, * 
mutt be the manner of reftoring it to public utility 5 and, in order to fort a proper ie 5 
ment hereupon, many trials, in order tovafcertain the nature and quality of the ground’ ~ 
clofe to the piers and ftarlings of the bridge, have been made by borings into the bed of 
the river, in moft of which it was found clogged or filled up with Ipofe ftones or 


saloofe fand 
gravel, to the depth of 12, 15, or 17 feet below the bed, and afterwards a Toofe sr ; 
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with fmall gravel for 10, 12, or 15 feet more, and at a medium beween 30 and 40 foot 
m the furface of low water before a folid bottom was met with, which on 


fide of the river appeared to be a ftiff clay, and on thé north fide a hard 


Soft 












tances, the difficulty of reftoring the part of this bridge which js 
e form te, without the u/e of farlings, will be fufficiently apparent to every 
perfon con’ erfant in thefe matters; and though it may not be an impoflibility in point of 
arb todo its fuppofing that time and expenfe were unlimited, yet it is one of thofe things 
a do not feem capable even of an eftimate: and if ftarlings fhould be admitted, and 
method of conftruétion allowed of, the difficulty of eftablifhing them ina 
lid mann er, ‘as well as the foundations of two of the piers, which are totally overturned 
in fuch a heap of ftones and rubbifh, not only fallen down at prefent, but which appear 
from the borings to fill up the bed of the river to the depth above-mentioned, would be 
fo great, and the exccution fo tedious, that it is diffenlt to form a judgment what the 
= expenfe would: amount to and, after all, the bridge would be eftablifhed with every 
ine ; enience that ow attends it, and which have already been enumerated, and at latt 
remain equally « 1 to the danger of being overturned by the next great flood, as well 
from the defeéts in the manner of eftablifhing the foundations as the contracting of the 
water-way, and the want of a proper elevation of the arches, 









_Inorder to afcertain the nature of the ground under the bed of the river, two fets of 
borings have been made acrofs it,{the one about 50, and the other 100 yards above the 
prefent bridge, the latter from the place called the Javel Groop, to the oppofite fhore, 
from both of which a mafs or body of loofe fand mixed with {mall gravel from 12 to 
30 feet in thicknefs or depth from the bed of the river, appears to cover a {tiff clay, in- 
clining from th faid fhore to near the middle of the river, and a mafs of the fame fand 
from 30 to 40 feet in depth, covers a hard compact gravel from the middle to the north 
fhore, conformably to the borings made at the bridge itfelf, which have already been 
mentioned. gx5 8 
ate 3 : f 
"As the latt mentioned place, or near it, feems to be the moft convenient fpot for erecting 
anew bridge whereby the inconvenience attending the old one might be removed, and, 
at the fametime, preferve the beft practicable communication from the town to the 
oppofite fhore, it neceflarily remains to procure by art the means of eftablifhing a folid 
_ foundation upon this great mafs of fand and gravel ; but as a detail of this part would 


i 
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= 
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jit, which are to fpan the river with feven. arches only, whofe piers or folids may 
not take yp more than one-fifth part of the water-way, to lay the foundation of the piers 
and abutments feveral feet below the bed of the river upon a fufficient number of {tout 
piles driven down under them, and to circum{cribe each with a border of plank piling 
driven clofe to the foundations, and thus at once to remove the danger and inconvenience 
to the navigation arifing from the ftarlings, and at the fame time to admit of four-fifths 
of the breadth of the river to be free water-way: to give this new bridge more 
elevation than the old, to conftruét the piers and arches with large blocks of the 
hardeft and moft durable {tones the country affords, to make the breadth of the bridge 
within the parapets 30 feet wide at leaft, wi’ 


paved way for foot paflengers on each 
fide, and to fuffer no erections or buili sever to occupy any part of that fpace; 
to keep its landing on the fouth fhore as sich elevated as poflible, and to, bring the road 
to join it 4 feet wide at leaft, from the top-of the fteep»part of Battle Bank near the 
Half-moon Lane in a winding courfe round the hill, and by this means to reduce the 
defcent or afcent'to about 1, foot in 19 or 20; or thereabouts, which will not be yery 
perceptible ; to open the communication from the north end of the bridge to the Clef, 


and after allowing a fufficient area or void fpace at each end of the bridge, its com- 





munication both ways will be rendered as tonyenient to paflengers and carriages as it is 
capable of being made. 

In order to communicate the/road through Pipewell Gate, a dry arch can be made in 
the abutment; and to enable the inhabitants of that place, and the lower parts of Gatefhead, 
to go over the bridge in the readieft way, a flight of ftairs can be erected from Pipewell 
Gate to the top of the bridge on one or each fide of the fouth abutment, if thought 


neceflary. 


It is, no doubt, an objection to the new placing of the bridge, thatit will be detri- 
mental to thofe who haye houfes in the thoroughfare down the Battle Bank, but when 
buildings happen to be ereéted ina place in fucha manner’ as to be totally inconfiftent 
with public accommodation, thofe partial inconyeniences mutt either give way to the greater 
convenience of the public, or the public muft fubmit to the haying them em “a 
it to perpetuity : but to fhew this in a clearer light, let us fuppofe a new bridge built 
in the old fituation, whofe fuperftruature is raifed at the fouth end as much as a 
pofition of the prefent piers (which at all events it feems neceflary to on ae HT 
admit of, then if a gradual flope be continued from the brow of the Battle : oe 
it begins to be fteep, that is about 70 yards north of Half-moon Lane) to the 5 


will form a flope of about 1 in 121, which is not to be called an eafy one; and in this 


od 


a; Fun to too great a length, it may at prefent fuffice juft to mention the outlines of this cafe 


ah sate 3 propofition, 
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cafe the furface of the road will be in fome places near the bottom of the Battle Bank 
26 feet above the prefent pavement ; fo that the greateft part of all the houfes arn 
the Battle Bank muft be rebuilt ; nor can the road through Pipewell Gate be communj. 


cated with the bridge for horfes or carriages without forming a flope almoft 100 yards 
"into Pipewell Gate, which will in like manner induce the neceffity of rebuilding there, 


and the fame of Hill Gate. 


The flope may indeed be eafed by beginning at Half-moon Lane, and cutting 
down the breaft of the bank, but this will not bring the flope under 14: to 
the height of the road above the prefent pavement will be nearly the fame towards 
the bottom of the bank, and the fet of houfes where the ground will be cut, being 


‘undermined or left confiderably above the pavement, will alfo need rebuilding to 


render them convenient, and after all, the narrownefs of the ftreet will be a perma. 
nent inconvenience, which cannot effectually be remedied without totally rebuilding the 
whole of it. 


“It feems, therefore, that there is no other choice on this matter, but either to rebuild 
the bridge upon its former principles, or to choofe a new fituation, It is not to be 
doubted but the bridge may be reftored to what it was by proceeding upon the old 
plan, at lefs expenfe and in lefs time than the building of a new one; but the inconve. 
nience of paflage over and under before mentioned remaining with the public to perpe- 
tuity, can fearcely be counterbalanced by the faving of any moderate fum of money, nor 


can the public be well accommodated with a temporary bridge without being at a much 
greater charge. 


Tt isnot poflible to judge completely of the expenfe of building a new bridge, till a 
juft plan thereof is formed, and from {thence an eftimate made by a regular induction 
of particulars. But as this alone is in reality a work of time, to enable the gentlemen 
concerned to form their judgments of preliminary matters, we judge from the execution 
of fimilar works, that a bridge may be built at or near the Javel Groop to the oppofite 
fhore, including the extra expenfe on account of the whole bed of the river being + 
“mafs of fand, for the fum of 50,000)., from fhore to fhore, that is, exclufive of land- 
works and purchafes. A bridge of this kind will probably take feven years to execute} 
and we ate of opinion, that to build a new bridge in the old fituation, and on the fame 


principles as before, cannot be executed for lefs than half the money, and will take 
half the time, 


From 
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From this propofition, the neceflity of purchafing a confiderable quantity of buildings 
and other private property for the ufe of the public, will be very apparent, in order to 
make the accefs-to the bridge convenient on both fides of the river, and if all this were 
not wanted for the above mentioned purpofes, a great deal would be abfolutely neceflary 
to be had for eftablifhing yards and fheds for the workmen for performing the many 
different operations the edifice itfelf would require. 


As the time neceflary for completing this work will be fo confiderable; a better 
communication than the ferry already eftablifhed, may probably be judged unavoidable 
during fo long a {pace of time. In this cafe, a temporary bridge of timber materials, 
erected upon the ftumps of the oid piers, fo as to join the four‘remaining arches with the 
abutment remaining on the fouth or -gatefhead fhore, will be: attended withthe Teatt 
expenfe and inconvenience of any other method, its whole length being only g20ifeet, 
which is about } parts breadth of the river. “For effeéling this, a proper defign’ with a ~ 
conftruction or detail of every particular, is now given in, and the expenfe computed at 
about 240ol. 


Before this work can be performed, the fingle arch remaining towards the middle of 
the river muft be taken down, and a little time will fhow whether thismay be attempted 
with fafety to the workmen, when it can be well afcertained,. that the’ opening or rent 
therein has not increafed)anyymore for any confiderable {pace of time. It is further 
recommended to take up the remains or ruins of the three arches and piers next gatefhead 
fhore, leaving the platforms’ or remains of the piers for eftablifhing the legs of the 
temporary bridge upon; the performing this as {peedily as poflible, will procure more free 
water-way to the river, and in courfe fome advantage as to the fafety of the four remain- 
ing arches of the bridge, in cafe of another flood; by allowing the ftream. to pafS more 
freely on the oppofite fhore. When the new bridge with its communications is com- 
pleted, the temporary bridge, with the remains of the old bridge, may be taken away, 
and the river freed from its incumbrancesto the navigation. 


J. SMEATON. 


Aupthorpe, January. J. WOOLER. 


To Sir Walter Blackett Baronet, the Aldermen and Common Council 
of Newcaftle-upon-Tyne. i 


Vor. IIL. Min ni 
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‘HEXHAM BRIDGE. 


"Gee Plates 11, 12, 13.) ma 
Td Mr, Donkin, : oe 


Sir _  Aufthorpe, 12 Janutieft 

BEG leave to acquaint you, that I have fully confidered the conftruétion proper 

bridge over the river Tyne at Hexham, ena have carefully computed every i 
expenfe that will probably attend. the =re%t 1 of it in a fubftantial mann nd 
for me to rifk my credit as an artift upon it, The fituation is 
examined at the requelt of Mr. Errington, viz. about fifty y 
nearly in a line with the little bridge that croffes the mill leet; in 
the north end upon the clofe eaft of the boat houfe, which is fituate” 
lane, 


ae 
TTT beh 


Piers of Hexham Bridge. 
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The bridge I propofe to confift of nine arches, and to extend b 
518 feet, and including the abutment well, 568 feet; to. 
and about eighteen feet between the parapets. T fu it to b 07 
manner of a good turnpike road, and the length of the road over the midd 
be thirty-one feet above the furface of the river in its ordinary fate: 
great inundation in the year 1771, being at this place ae rat furface 
feet. : : ME, Hess 2 


' 
x Fig, 2% 


ELEVATION Fig.2 
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>. Ye 
The neat Eftimate of materials and workmanthip - -- 2 
‘Upon the above, Tallow 10 per cent. for engines, utenfils, and contingent 


Elevation of one of the Pters. 
Fig. 4% 







Expenfe of the bridge complete; with the road formed over it to the 
see walls = - ae - - 
ye ae 
{ To forming the afcents to the bridge at each end, that" 
$e" - with walls extending fifty yards with a breaft-work or ro 
fo that the flope fhall not be fteeper than one in twelve; maf 
forming the road to the extent of the flope - - 


"Seale of Feet. 


qm So ee 


4 : be . * 
“Total expenfe of the bridge complete, materials and workmanthip = 
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NORTH TERMINATION of HEXHAM BRIDGE. 
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and this difference of five feet feven inches will be the length of the crofs 
the center to the ends, fay five feet eight inches, to keep the pins from rie ou 
five feet feven inches will alfo be the diftance of the centers of the two pins he 
in the ‘grooyess laying down therefore your crofs upon a floor, big enough to deferibe ~ 
fomething more than half an arch, fet your tracing point at the diffance thirteen feet feven a 
inches from the nearett traverfing pin, and with this you will deferibe the curve EBFLC = 
at large; and if your ftones will run of twenty inches thicknefs, as drawn, fet off ten inches 
BE—BI, on each fide the centér, and then divide the remainder FL into 14 parts ; 
but if your ftones will only run about 18 inches, then fet off nine inches on ana fide 135 











































































eye ‘ r 
dividing Me curve FLC into 16 pei if vo.r {tones will hold but 15,inches, then fet. 
j 7-. or 8 inches for BE and BF, diyidiy # arve PLC into eighteen parts ; if the 

: ; ! : iB parts; and if 
elie a SECTION a will not hold more than 14 inches, © 1 ieyen on each fide,-and divide into 20 parts« s 
eee cis = > points of divifion being thus fixec, fhorten the diftance basvoninl oe 
, : neareft traverfing pin, to 12 feet 11 inches, and n wil 
to be of 37 feet fpan, and 12 feet xx inches high 5 and if fro! 


Fig. 3. 
pin (pencil, or point) two feet, and three feet refpectively, you will t 


¥ that will take the extremities of the fhort and long ftones. 





To find the direétions of the joints, you take the line A 4-29 f 
one point in B with the other defcribe an arch, f0 
then will the two points G- and Hibe the tw 
that if to any point of divifion’ of the curve as fupp 
then the line ML, bifeéting the angle formed betwe 

i true direétion or fummering of the joint at L 
you have another example at the point J, the tru: 


this manner the joints of one half of the arch with the key 

ay upon the floor, and boards adapted asia grain of the wood 9 
ae "the length of the {tone}; you will have a fet of molds by which all t 

arches may be hewn; but you are to obferve, the thicknels of the 

_ not exceed the length of the fhorter ftones, the longer ones 0 
are alfo to obferve,. that the arch like a femicircle, begins + 
~~ reprefenting the corner of the falient points of the 
- what may be better united therewith, by proper 


 direétion NC. ~ a 3 


>. ae ta 




































































Pibliched ax the tet directs 181s, by Longman, Hurst, Rees, Orme and Brown, Paternoster Bow, Landon. 
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Refpetting the centers to the elliptical arches, the 
the trammel, about two inches lefs than the fofit o th . to allow for the thicknefs of 
the boarding, and except the making” of the curve’ ite fair, little curiofity otherwife 
will be required. I propofe nine of thefe ribs, and the ‘curved part may either be fawn 
out of crooked wood, or lapped together from ftraight, according to the convenience of 


xnal curve will be ftruck out by 





_your materials. ‘The curyes may be about feven by 34, and bafe 10 or 12 inches by 


| 
¢ 


m 3 
me # 


31 or 4 thick; the ftandards may be made out of any offal ftuff you have, from 34 to 5 
inches thick: in fhort the whole compofition needs not to exceed that of vault centering, 
when well and firmly done. "The bafe may ftand on fi ye bearings, one at each end, one 
in the a on each fide the middle, but fomewhat nearer the middle than the 
fides: perhaps: it may be neceflary to put in an ‘upright more in the ribs on each fide the 
middle one; for 1 would not have the fpaces near the middle to exceed 2; or 3 fect 
diftances at the top, middle and middle. 


As the'traverfing ruler will be required 20 feet long, and to havea confiderable degree 
of ftiffnefs edgeways,. to prevent its being over bulky or clumfy, it may be proper to 
obferve that its seenith {trength will be required at the middle pin, or the pin neareft the 


tracing point ; you may therefore (making the whole % thick) let the breadth at the middle 


pin be eight or nine inches; at the other traverfing pint about four inches, and at the end 
of the tracing point about three inches. 


~— J. SMEATON. 
= 
To Mr. Pickernell. 


Tnclofed you have the defign for the caiffon, for the five piers of the bridge that remain 
to be laid, as alfo the defign and elevation for one of the center piers. 


By “ groovingin’” of the fides, and crofs courfe of bottom planks, as expreffed in the 
: explanation, I mean in the middle of the eye of each plank, like a common chamber floor 
“grooved in with Dutch laths. 


dx : : ’ 
The reafon why I would have the infide blocks joint more clofe in the firft and 
feconc -courfe than above is, that till the caiffon is fairly grounded, we fhall never be 
fure of keeping the joints whole;”and as the fecond courfe will be fufficient to ground 





the pier, r can be made good; and fo long as the upper parts reft upon folid 
guaged blocks, andithen upon one another, it is not abfolutely material whether there 


were any fittings in the joints of thefe two bottom courfes or not. 


J. SMEATON. 


es a 
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EXPLANATION of the Defign for a Caiffon for laying down five Piers 
of Hexham Bridge. 


Plate 11. Fig. 5. is the plan of the caiffon, being 16 feet within, by 22 feet length 
of the flat fide. The bottom is fuppofed to be made of three inch plank laid crofs and 
crofs; and the fides of three inch plank only, ftanding upright, and fupported by three 
ribs of wood, two upon the infide and one upon the out. The uppermoft AA, BB, to 
be ftrongly fecured with bolts and plates at the angles, and likewife fecured by bolts 
upon the fides, as fhewn in the plan. 2 pieces CC, &c, are ftretchers, but which 
cwering the ftones. “he fides not refting 
upon the bottom as has been ufual, . as to admit the ftone-work to be flufh with the 
bottom when the fides are removed ; and thereby to let the girdle of large ftones flip 
down to their own bearing, without being interrupted by any projection, a particular 
method of faftening the bottom and fides is adapted to this purpofe, and ‘the plates 
a, a, b, being 16 in number, each fhewing a double nut and bolt, fhew the places and 


being moveable, will not be in the 


difpofition of thofe faftenings. 


DD,EE, fhew the places of iron ftuds, ftrongly ferewed down, over which a chain being 
caft the caiffon is thereby moored to a large pile, to be driven’ at the diftance of 30 feet 
upftream of the bridge, before the point of each pier, to be kept fteady by another {mall 
pile, about as much below. 


Fig. 6: isa tranfverfe fection of the caiffon, wherein is fhewn that the ground tier of 
planks in the: bottom: run lengthways; AB thew the upper rib, the dotted lines CC 
fhew the ftretchers, DD‘ the iron ftuds for mooring the caiffon, FF the middle rib infide, 
and the dotted lines fhew the moveable ftretchers of fix inches fquare, which, when the 
ftone-work is got that height, are to be removed, and the fides fupported by fhort ftuds 
againft the mafonry, if need be: 


GG fhew the feétion of the lower rib, which is put outfide, to prevent its interference 
with the ground courfe of ftone ; this is four by eight ; and as this and the middle ribs 
have no other ule but to keep the upright planking fteady they need only be {piked 
together ; and on this account, if thefe ribs were of elm, or any other kind ei wood than 
fir, they would be lels apt to {plit by a multiplicity of fpikes ; aa fhew two fets of the 


faftening bars feen fideways, and b fhews a fet feen in front; of which follows a more 


particular defcription. ae 


»* 





[272 7 


Fig. 7. thews the upright of a pair of fattening barsito a larger feale, as they would 
appear from without if the outfide planking was fuppofed to be removed or tranfparent ; 
wherein A fhews a part of the upper rib, F a part of the middle rib, and the dotted 
lines G fhew the place of the bottom rib; cd ef fhewsa piece of caftiron let down fluth 
into the edge of the bottom, and which is held down by the two bolts ge. This piece of 
caft iron contains a doye-tail notch, in which h HW is the dovetail bar; and thereby 
fufpending the bottom upon the nut MH; to which il is the bar compofing the key, 
which is to be driven in; but by turning the nut T will draw it out, and releafe the 
other, and by the fame means all the faftenings in like manner being flacked, the 
fides of the caiffon will be releafed from the bottom. KX is a ftaple whofe ule will 
be fhewn hereafters’ But as it will be neceflary that the fides of the caiffon fhould 
‘be under fome confinement towards the bottom to preferve a water-tight joint between 
them, 


Fig. g. isa plan of a part of the bottom, wherein LL reprefent the fide planking, 
GG the lower rib on the otitfide, and MM the crofs planking of the bottom. Now 
mn 0 pis the plan of the caft-iron doye-tail notch piece ; which notch being dove-tailed 
~* with refpect to-its plan, as feen here, as well as with refpe& to its upright, feen in fig. 7, 

and the bars being adapted thereto 5 by:this means the bars will be confined from flying 
out fideways, as well as from drawing; and the ftaple ONN, fhewn by dotted lines 
pafling through the bottom rib, being tightened by the nuts NN, will draw and confine 
home thefidesito the bottom ; there is yet another thing wanting, and that is, that there 
being nothing to‘eonfine'the fides from going below the bottom, there will be fomething 
neceflary to counteraét the nut H, fig. 7; now fig. 8, is an enlarged fide view or fection of 
the fide of the caiffon and bars, wherein the fame letters denote the fame things as the 
preceding, and the bar h H is fuppofed to be the fame bar as marked with thofe letters fig. 73 
now, if between'the under fide of the flaple and the caft metal notch piece there be driven 
aniron key a Jittle wedge-wife, whofe feCtion is reprefented by the little thaded part at S, 
~ the fide can be fo regulated as not to go below the bottom, and fo as to keep every thing 

fafficiently fteady 5 nor is any degree of ftrength in this matter neceffary, as the weight of 
ftone in the caiffon, when afloat, does not in reality hang by the faftenings, but is fupported 

sunte® preflure of the water under it upwards. 





a . 3 % as 
As the Bottoth courte “of ftone is to be clofe home to thevfides of the caiffon, grooves 


mane cut, in the flores where they come againft, the faltenings, with full liberty to 
draw them.out, 


The 
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The notch pieces neceflarily go along with the bottom, but one fet of faflenings will 
do for all; and it will be proper to have the dovetail part of the bars well fitted to the 


notches with a file; care being taken to haye the notches caft fo near alike that fitting 
one they will fit all, 


Though it is not mentioned in the defcription, it will be proper that all the joints of 
the planking and the fides, and the crofs or upper planking of the bottom, be grooved 
in about three-fourths of an inch in depth; anda lath one and a half inch broad, 
and about three-fourths or one-half inch thick inferted, and let in with tar, that the 
pinning of the joints by drought may not induce the neceffity of caulking ; and to fecure 
the joint between the bottom and fides it will. be proper to nail on a ftripe of thick flannel 
and tar three inches breadth upon the.out edge of the upper tier of floor planking, and 
this joint may-be further fecured, if feen neceflary, by a flight caulking infide. 


Fig. 3. fhews the plan, and fig. 4. the elevation of one of the middle piers, with the 
plan and feétion of the girdle of the ftone round the bafe. The bafement of the pier is 
fuppofed to confift of two courfes of ftone, both of which are to be made entirely of 
blocks ; the interior blocks need not, however, be jointed as to their upright, or ferupu- 
loufly fitted to each other, but to be brought to a thicknefs anfwerable to the courfesand 
to be fet upon their bigger bed as clofe to one another as may be, and the interftices F 
carefully filled, and walled with beft mortar , 


The two upper courfes reaching to the low-water level muft alfo be interfperfed with 
blocks gauged to a thicknefs, but need not be fo clofe to each other as defcribed ly the 
two ground courfes ; if in thefe upper courfes the gauged! blocks occupy two-thirds of 
the {plid within the outfide courfe it will be fufficient. The firlt courfe of the bafe or 
chamfered plinth being above water is to have three chain courfes go acrofs it, thatyis 
three rows of blocks, one acrofs the middle and one near each fhoulder, to be ftrongly. 
cramped together, and to the {tones in the outfide courfe, or joined by one continued 


“bar-acrofs; and all the outfide ftones in the circumference of the chamfered courle tobe 


joined by one continued chain bars In other refpetts, the mafonry abovesthe low-water 
line to be compofed in the fame way as the piers already executed above that line. 


N.B. The fhoulder angle of the girdle courfe, and of all the other courfes under 
water is centered at A, in the plan, and the dotted line in the upright, denotes a flope 


fition of rubble, ftone, and cemtent, called beton, ~~ 
of seiheork es by a depofitio , 3 1 SH AION. 
17th Dec. 1777+ a 
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Vou. Ill. Nao 
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From Mr. Pickernell. Hexham Bridge Office, July 2. 778. 
I can now give you a particular account of the damage we have received from U high 
water, which came on us laft Tuelday night and Wednefday morning. 


The pier which T laft founded at the fouth fide is undermined at the weft point, and 
fettled down confiderably. I meafured the water and found the gravel to be taken 
away about 18 inches below the bottom of the caiflon. The foundation of the fourth 
pier from’ the fouth abutment is taken out at the fouth end, and nearly half along the 
pier, fo as to let the weft point, or cut-water, fettle about 18 inches. ‘he gravel is taken 
out in fome parts, as nearly as I can find, two feet fix inches lower than it was when the 
beton was laid on the bed of the river, an¢ 
part of the pier. The water came with fuc. 
and force up betwixt them and the pier fo a. to force the girdle-ftones two feet from 
the pier. In fome parts the iron cramps which were laid into the bafe courfes have con- 
fined that part together, or elfe, I believe, all the cut-water part of the pier would have 
‘been entirely {wept away. by the violence of the ftream. Though the water was not very 

» vhigh, T never faw it fo ftrong. 


ftones are taken out of the cut-water 
ty as to undermine the girdle-ftones, 





Peannot fee that the fourth pier from the north has received any damage, except that 
the bed of the river round the finking ftones at the weft end of the pier is in part taken 
“away; thought, 1 believe, had it been as high as the other it mult have fuffered the fame 
fates @ third foundation from the north abutment has fuffered the fame as the fecond 
from the fouth abutment. The gravel is taken out from under the weit cut-water about 
18 inches, and the point is fettled down. Indeed I had not the good fortune to have 
“the girdle courle laid round the weft part of the two foundations, as we could not get 
them at the quarry faft enough. None of the foundations which were laid laft feafon 
have received.any damage. 


, 


a Tam, &c. 
re J. PIGKERNELL. 


ToM . Donkin. Aufthorpe, 29th July 1788. 
lave Yeceiyed a particular account from Mr, Pickernell of our very difagreeable 
nd find it no ways more flattering than I had reafon to expeét from the con- 

iter. What I moft blame mylelf for is, in not ordering every pier to be 
with the girdle courfe ‘complete, but with the flopes of rubble ftones 
f , before ‘another pier wastlaid on the bed of the river 5 becau 


> 
ing what has happened, had the foundations been fecured, and finifhed o» 
: gr sa , 3 in 
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sn the manner I had intended and prepofed, before winter, I am fully fatisfied this difafter 
would not have happened. As it was, I was willing to pufh on the work in the prime 
of the feafon, and confiding in the natural ftrength and compaéinels of the gravel bottom, 
T could not have fuppofed fo much derangement would have happened in the courfe of 
two or three fummer frefhes. I hope I fhall not find matters irretrievable, 





DIRECTIONS for fecuring and repairing the under-wafhed Piers at 
Hexham Bridge. 


NOTWITHSTANDING the natural hardnefs of the upper cruft of the gravel bottom, 
it being now found not capable of refifting the aétion of the water in fudden and rapid 
floods, it appears neceflary to inclofe the feveral foundations by a fence, or cafe of fheet 
piling, to prevent, at all extremities, the gravel from wathing from under the bafes of the 
piers ; a plan for the doing whereof accompanies thefe directions. 


The work may be begun upon any of the piers that are found convenient, and as foon 
as may be, the bays compofing the two theets that form the falient point before the welt 
end of each pier ought to be completed, together with one bay of the return upon each 
fide of the pier; and as foon as this is done the cavity wafhed below the bed of the river 
fhould be filled up rather higher than the original bed of the river both infide and out, 
The outfide to be filled with rough rubble {tones front the upper bed of Oakwood 
Bank quarry, which are exceedingly well adapted for this purpofe, to be of promifcuous 
fizes, the largeft not exceeding half a cube foot, or about zolb. weight. The infide tobe 
filled with the fame kind of quarry rubble of promifcuous fizes, the largeft not toexceed 
that of a large double fit, or about ralb. weight, and for every two buthels or meafures 
Of rubble wifed within the cafe one bufhel of clean fand mutt be thrown upon them.” 


This done, the defirable thing would be to proceed thus far with all the four piers 
that have been laid down in caiflons, by which means all the piers will be guarded from 
further damage, after which the completion of the cafing can be done more at leifare, 
nor ought this to be omitted with refpeét to the north pier of the center arch, whieh, 
though it has fuffered_no material derangement from the late floods, yet experience 
fhewing that the gravel bottom ought not to be trufted, the fammbyuneaps’ fouled be ap- 
plied as a guard to its fafety as to the reft. However, if the piling is found to go on 
Nae with 





with readinefs and facility, and the moving of the tackle from pier to pier a work of abou 
. * . . 7 ‘ Le) 

then, at the diferetion of the furveyor, the piers may in turn be furrounded wholly befo 
7 “Tore 
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the tackle is moved. 


‘As foon as the gage pilesiare driven, the ferew clamp may be applied upon the furface 


of the water; orindeediif the piling of each pier be gone on without removal, this clam 
may originally be applied as an outward frame for direéting the driving of the gage niles, 
and for retaining them in their places while the fheet piles are driven ; and for Aisi 
facility, certainty, and exaGnels, in driving the fheet piling, fo as to render them water. 
tight, I would recommend: the long fides to be divided into four bays, and the falicnt 
point fides into three each. 


When the cafe is completed, reaching above low water, it may be tried whether the 


water can eafily be got out, and if fo, the under pinning, where wanted round the tkirts 
of the caiffon bottom, may be done by men’s hands ; butif not, the whole of the interftice 
between the cafe and the pier muft be fitted with rubble and fand, as before directed for 
the welt ends, about fix or cight inches higher than the bottom of the caiffon, and after. 
ward driven down by a fett of about one foot fquare at the lower end, aéted upon by one 
of the hand-rams: this will caufe the matter to fpread under the fkirts of the caiflon bot- 
tom, and the cafe hindering it from fpreading outward will render all tight and firm. 
"This done; the interfpace between the cafe and the fides of the pier muft be chocked in 
with blocks of the thicknefs propofed for the girdle or funken courfe, which being fcap- 
pelled to a tolerable fquare, and adapted to their places, they will not need ccomnthie 
but yet, to prevent any violent flood from turning any of them out of their places, it muft 
be obferved! to chamfer the upper or leading edge of each crols joint, as fhewn in a de- 
tached figure, as alfo to pin them faft with wedges, {tones, and pebble mortar, or beton, 


Ww 


hich may be eafily done if the cafe can be drained, as I expect it may, fo as to dry the 


* upper Surface of the funken courfe. This being done, the whole of the cafing is to be 
‘ driven down with fetts, or otherwife cut off to the level of the funken courfe, and the 
_ferew, clamp ultimately fixed, fo as to be rather below the tops of the piles, which will 


effectually confine all clofe home together. 


‘The work being thus fixed, the outfide of the cafeis to be guarded with a flope of rubble, 


which, that it may be the better grounded by a competent body of matter, itwill be advifeable 
firft to let the work ftand the effet, of a flood; and then not only filling up the excavation that 
may be expected on the outfide ‘Of the cafes, up to the general level of the bed of the rivery 
But forming a flope extending to the diftance of about fix feet upon the bafe, at the height 


of 


3 


= ee 
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of the bed of the river, and to Yeach as high as the clamp. After this, the flapes 
muft be examined at every flood, and fupplied where found deficient till the matter ap- 
pears to be at re(t, which fooner or later will be the cafe, when the river hath formed 
itfelf fuch a channel between the piers.as is natural to the new fett of the ftream, that the 
interpofition of the piers of the bridge mutt neceflarily occafion. 


In cafe by repeated floods while the work is going on, any of the foundations fhall ap- 
pear to underw afh more than they have done, it will be proper to throw round the weft 
end and welt fhoulder of fuch pier a competent body of rubble, the largeft not weigh- 
ing more than 25 or golb.; for through rebble of this fize piles may afterwards be driven 
nearly as well as through large grav 


The length of the:piles fhould comorm to the depth of the water. I would not wifh the 
fheeting piles round the weft end and firft bay of the return/on each fide to go into the 
ground more than about ten’ feet ; and if they do not drive kindly, muft be contented 
with lefs ; from thence each bay may be gradually lefs depth into the ground, fo that 
round the down ftream pointing feven feet will be fufficient. 


If the gage piles drive more kindly, they niay be longer by 18 inches or two feet than 
the fheeting ; but if not, they need not be above one foot longer: and to make them 
drive kindly, aswell as fix falter, it willbe proper to’ point them longer than heretofore, 
that is, to about three feet, but not fhouldering, as with a regular taper, but curved, be- 
ginning from nothing at three feet, 


The length of the piles covering the weft end and returns of the fifth pier from the 
north, being that moft underwafhed, the fheet piles fhould be at leaft 15 feet long, and 
the gage piles in proportion, and the reft proportionable to the depth of the water ; and 
refpecting this pier, as the lowering of the water in the cafe will be moremeceffary. than 
in the reft, it will be proper before any rubble is put in outfide the cafe, to put a layer of 
earth or Ioam upon the bottom, amounting to about fix inches thicknefg, that is, allow a 


cube yard to fix yards fuperficial, this will choak up the pores ofthe gravel in the deep : 
and retard the percolation of the water through the gravel, fo as to give a” 


places, 
better chance of getting out the water, 


neceflary+ 


for new founding the welt end, if, deemed 


What regards the repatrs of the mafonry I fhall defer to a future opportunityof deliver 


ing, in due time, 
It 







above the pile heads,; by 
C h more kindly than if 


mani ~ cae ON 









es ofthe old work, with common mafon 
them to a Dearing, or otherwife fixing 
ificulty to get them dry enough to run in 

I i will render the diffi- 







; MOL 
and feventh piers 5 but for the 





up-{tream pointings 
ler, whofe breadth 


C not, however, have any 
only chocked faft 
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EXPLANATION of the Defigns for the Diving Machine for Hesham 
Bridge. 3 


(See Plate 13.) m8 





‘To Mr. Pickernell. 
Sir, Autthorpe, 16th September 1778. 

IE the cafes would have enabled us to reduce the water fo low as to be even with the! © 
very bottoms of the caiffons of each pier, I take for granted you would have thought [ 
no difficulty with broken rubble, beton, ftones, and fhort blocks of wood cut a little 
ways, to have crammed and wedged fl’ she cavity underwafhed, under the. 
bottoms; fo as to have been equally —ftag, and capable of bearing a ick 
original gravel; and particularly wh 4 this new body of ar is fupr 
jambed tighter into its place, by filling up the vacancy eg 
little above the wooden bottom with rubble, and then driving 
with the ram. It therefore now remains, that I defcribe, and 
piece of machinery, that will put you nearly into the fame condition, as 
could have been reduced to the caiffon’s bottoms as before mentioned ; 
means of an air cheft or diving veffel, which being let down will exclude th 
to the very bottom of the river, if you pleafe ; and therefore as low asthe u d 
wooden bottom, which in the prefent cafe is as low as \ a 
the cheft or yeffel being large enough to give liberty for 
furnifhed with a pair of boots, he will at mid-leg deep in water, do 
almioft as much facility as if the water were pumped out to the fame level 


The principal part of this machine will confift of a trong. heft, Of 
four and a half feet depth or height, and as wide as 


inches in length, about 
leave for its going down between the cafes and the piers, which I fuppofe 


two feet wide infide meafure, as the other meafures are alfo fuppofed 

know very well, that if you puth a drinking gla,” or any other fi 
mouth downwards into the water; that it will exclude the wal 
air, as it was before it was thruft into the water; in 
Joaded with’a fufficient weight, be let down into the water mouth 
exclude the water to the bottom fkirt of the cheft, and if let down 
bottom of the river, @ man may ftand dry therein, and do any kind E 


as he could do in the fame fpace in’the open air. But to co 
time, two things are obvioufly neceflary, 


c 


ee 





and thofeare light, d 
former might on occafion be fupplied by a candle eS 


a 5 J ~ 
a get, * 8 ; 
ee tae eS 







ve de ae as placed 
is cheft I propofe to 
e that it will take 
dy ; I propofe that 
the ends of the 
nd the fame at 
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What you are therefore immediately to put in i | ap a 
infide dimenfions before mentioned ; 1 velit ih oe ie rie: ‘ — ae 
good red wood deal fhot clean of fap, the two ends and bottom (or me well; if of 
would be well if they could be got of fingle planks of elm, beach, or ee its top), it~ 
would hold the nails better; I fancy 14, or 13 thick for the fides, a 24 ba aie 
ends and bottom, will be fufficient; they fhould be well jointed, and put to; % for tts 
white lead and oil, and the infide joints ftroked with white lead and oil, as eee a 
not be of the water to enter, but of the air to-efeape from within, : phe ; 

















































Were I with you when itis put in ule, I fhould be the firft to go down init, as there is 
more danger (all your tackle being firmly fixed,) than being let down into a coal pit by a 
rope; and if it thall happen that all your mafons are too fine fingered, I fancy a couple . 
of colliers to take turn and turn, will find it a very. comfortable job ; a part . is 
ragement muft however L expect be given, : 





I will give you more particular direétions in my next: as to the air-pump. - 
be wanted from the copper-fmith will be a cylindrical pipe of copper, 10 inches 
and 12 inches high, wired at top, and a flanch at bottom of about 1% inch broad, | 
which it is ferewed down upon the top of the air-cheft ; the copper to be about th 
nefs of a halfpenny; if you have no neat handed copper-fmith, can | 
ftraight and f{mooth infide, it may on occafion be made of ftrong 
Tam, Sir, your moft hum Ms 


z 





‘The materials will be got into the cheft by letting them down in a 
box, that will go under the fkirt of the air-chelt; which fhould be le 
to keep it {teady, while the air pump is worked 5 you will do well to tr 


Bont 
~ water, and deeper by degrees, from whence you will find the nat 


Explanation of the Seétion of the Air 


A—The pifton fhank and flanch terminating in 
6 a en: ae 
B—A [crew by which the whole is compreffed together. : F 











eh vhen the pifton is forced 
ee is drawn up. 
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At s?, st, the leather appears in place ; 3 and vw, vw, thofe {paces being cut : Frc | 
give leave for the air to pafs in going downward from above, while the pifton is oe att 
ing ; but not to efcape from below upward, while the pilton is forced down, id ii « 





N.B. the reft of the letters marked upon the plan refer to the fame things as the fame 
letters refer to in the feétion, - 


XX—Shew the fquare heads of {mall ferews tapped into the oppofite plate; in order 
to hold the plates clofe together near the border, as the nutt and ferew do inthe middle: : 
the heads, however, will be better above. 






° 


Explanation of the Plan of the Air Cheft. 


A—The air-pump. 





B—The ‘ky lights 6 inches diameter each, to be made of 
plate glafs is not to be had. 


DD—Pigs of lead, end upward. = 
EE—The lever for working the pump. 





GG—The axis and brace for fteadying the lever. _ 
ee 


2. 







‘ _ HH—Two bows for hoifting the cheft. 


Explanation of the Seétion of the Air 





; ay—the Spine from the 







, op—The Wve; F sitreob dis fea 


a Rte more than ‘fufficient to: orerone the. 





i 


ys inches broad, and from 45, to } thick, all well leaded in, and of fufficient length to get 





so 
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To Mr, Pickernell. 
Sir, London, ift April, 1779, 
As Ilook upon it that the judicioufly fetting on of the bafe courfes upon the damaged 
foundations is a very material point of confideration, it was for this reafon that I was 
willing to take the whole of the winter fully to make up my mind about it; and having 
now feen the firft of April, I fhall no longer defer fetting you at liberty. 


You will readily comprehend, that if, inflead of beginning with mafonry from the bot- 
tom, two or three large detached pieces of rocks had been depofited in the river, of a 
fufficient fize to build our piers upon; thefe ferving as feet to ftand upon, and each 
capable of fupporting a proportion of ti) 99%); thofe rocks, though unconnected 
below, yet if they are firmly conneéted at ais 2 furface of the water, by a cap of 
ftone well cramped and united in one; this cap would ferve as a new bafement that 
could not feparate, whereon to raife the reft of the fuperftruéture, 


Our piers in fome degree anfwer the above idea; and it will now be our bufinefs to 
make a cap of the two bafement courfes, bonded together with a degree of firmnefs that 
would not have been neceflary, had no derangement ever happened. - 


I propofe, therefore, that the two bafement courfes be filled in with block ftones, 
“gauged to a proper thicknefs in refpect to their beds; and fo far ftruck off upon their 

- fides, as to give opportunity to cramp them to one another, both infide and out. The 
4 outfide ftones I would advife to be cramped to one another with cramps from 13 to 2 


“at leaft fix inches fair hold of each ftone. he whole to be bedded and worked in with 
terras mortar, of which I will give you the compofition. 


oe Vics, Tn the next place, as the ground could not be confolidated with piles under the firft 


ec, T always expeéted thefe to fettle to the value of aninch more than the piers 
_ that have piles underneath them ; but as in confequence of our derangements, our bear- 


ings will be rendered in fome degree unequal, a greater fettlement may be expected to 
take place at the weft, than at the eaft end; for thefe reafons I would haye the bafement 
courfes fo fuited to the prefent work, that the eaft end of the bafement fhall finifh an inch 
higher than the finifhed piers; and the weft end two inches higher ; alfo that the welt 
point and fhoulders be'carried 14 inch further weft than the finifhed piers, fo as to make 
the piers 1; inch longer than the former. In raifing the fhafts, I would gradually lofe thi 
1+ ich in getting up to the impoft, by fetting on about the value of + of an inch at each 


courle ; 


_ 
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courfe; fo that the impoft will be of the fame length asthe former, but ftill finifhed one inch 
higher at the eaft, and two inches higher at the weft ends. Now if afterwards the weight 
of the arches and fuperincumbent matter fhould not prefs down the piers in the proportion 
allowed for, this will make no apparent fault ; becaufe it will rather give addition ef eleva- 
tion to the middle of the bridge ; and if the fettlement fhould be double to what is allowed 
for, which I think is as much as can poflibly be expeéted, it will {till be fcarcely vifible. 
The main thing, therefore, that we have to guard againft in carrying up our piers, 
is to do them with that care and folidity, that though the bearings may be fomewhat un- 
equal, yet that the whole may go together, without fhewing any fetts or rends in the 


outfide aifler; and which, though it may happen without any material detriment to the 





real folidity and duration of the work, yet § ‘ll difgrace our building in the eyes of thofe 





can neither fee nor reafon any further ; on 
which account I would conftantly ke » tHe welt end fome courfes higher than the reft, 
building up as it were a head, and making off the:courfes, 1 would alfo cramp every 
courfe in the outfide aifler, from the welt point to h © vay down the long fides; and 
every other courfe down to the eaft fhoulders, till you 2 to the next courte below the 
smpott ; at which height I would throw three block or chain courfes acrofs, in the man- 
ner I formerly ordered ; there let the work of each pier ftand as long as me. can, and 
afterwards finifh as has been already dones [ mean what relates to the cramping above 
the bafement to regard chiefly the third and-feventh piers: as to the fourth, after the cap 
is on, as before, I think it will be fufficient to cramp every Cus courfe from the point 
he fides only; but in regard to the crofs chain courfes at the height 
In regard to the fifth, I muft fafpend 


very many (in pro sortion to the whal 


to half-way down t 
above mentioned, no caiffon pier fhould want them. 
all direétions till 1 fee how it is likely to turn out. 
The place where Tam moft apprehenfive that fetts may appear, 1s a e eee oe 
m of the weft fhoulders. I would therefore have you avoid Pp ig es 
for though this may caufea few more cramps, anc 
as every joint will give way alittle, it 
nor will the weight above act by 


or down ftrea 

long {tones faceways, near thofe parts 5 
fi rong: ye 

in common apprehenfion not be fo ftrong: yet, 


will prevent the breaking of the {tones in the middle, 


fuch long levers to break them. 


Ss 
In{tead of our former terras mortar, take as follow 


+5 — thi ith pebbles what 
Common lime 1, barrow lime 1, terras 5 fand 12 ;— this dofe with p 
you can, for rough work. 


2 


To 
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Again, the tackle blocks F will tend to draw the fhears the contrary way to the 
other, and the tackle fall FMNO beihg attached to the under fide of the roll Tents: 
roller will command the fhears either way by turning it one way or the other; now to” , 





























keep the two tackle falls thus brought to the roller at any equal tightnefs, or nearly fo, 

it is neceffary that the two purchafes may be equal ; it therefore appears that if the fall 
ONMF, aéting over the fingle pulley M, which ferves only asa direétor, were ‘imply 
attached to the block F, no power this way applied to the roll at L, would produce 
any aétion upon the fhears, but only pull at the fixed part of the guide rope EF without 
producing any action any where, The blocks FG, therefore, muft contain a purchafe. 

of five, and this will be done by making the block F treble, and the block G double, _ . — 
the ftanding part being fixed to the hie! in like manner as the other ftanding part & ° 
will be fixed to the block H. If, the efore, one fallis attached to one end of the roll, a 
and the other to the other, while one is winding off, the other win ; ur feet i 
length, and fix inches in diameter will be fully fufficient ; and the 
fame length as before preferibed, as one man will generally 
the handles will beft be fet oppofite that they may fimply balance each other. 


To avoid all confufion of the figures, I have wholly omitted the main tack 
which are fufpended from the'top of the fhears ; and to avoid the pla 
from being crowded, I fuppofe the fall for the maintackle to be r 
block fixed toa lewis, next the foot of one of the fhear logs, and from ther 
main windlafs or jack roll, and fuppofed to be placed upon the adjacent ier at P, 
arch near the other windlafs. Two men in ordinary cafes being fuppc 
both windlaffes, that is to affift each other in hoifting the ftone per} 
then one of them to go to the guide tackle windlafs to overfet the fl 


the firft can lower it by the main tackle, ae ¥ 


The overlaying of the fhears fhould be fufficient to clear the ftones 
beating againft the fides of the pier, while hoifting perpendic 
fhears may either ftand upon the aifler or juft behind it, fo as 
their places as come within their compals, and that on either fi 
main tackle may be prevented from dipping in the water, 


by a {mall block being fufpended from the guide wap 


‘The guide tackle blocks may ‘be fuch as | 


in 
if 





* 


fix or feyen inches, 


“SSA London; < 
as ayth March 1779: x 





= 















o> 2, 


#3 sina  - asth Feb. 1780, 
ing the tiorth fetmination* which le now enclofe, and 
rote See plate 12. figs. 1.2. 3. It is made con- 
feale, fhewing the elliptical and firft fegment arch 
etter, deferibing the method of conftructing 
deferibed as laid down upon the key-ftones, 
egard in making out my defign of the tranfverfe 
; the projections, by which means the whole 

arily, and in confequence the thicknels of the 


‘lam, &c. 
J, SMEATON, 
re . 
eS ‘Termination of Hexham 
figs. 1. 2. 3: 


Wiis 
e road to be ‘nine in the proportion of one 





the firft fegment arch, which, if produced 
ADs ; : 


in the midllle of the arch are 
be a off, fo 


whence the road flopes away till it meets the natural ground, which, if perfeétly level, 
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be four feet ten inches, that is nearly upon five feet at the center of the pillars from 


will be at the diftance of about 58 feet beyond the terminating pillars, and in this {pace 
the road is raifed rampart fafhion, being upheld by natural flopes on each fide, like a 
common turnpike road. 


The'walking path is fuppofed to follow the line BD, and then keeping parallel to the “ 
top of the parapet D to G, there to defcend two. fteps, upon the extended gravel furface 
between the abutment walls, where there will be room enough. . Ens ngs 5 




















The fame letters in the fection, fig. 1. refer to the fame parts as in the plan, and = i 
wherein the dotted lines HIKL, arefuppofed to be the holloweft part on each fide for E 


conduéting the water, where the.one in 12 flopes begins towards L, Jit will ue ogi 
crofs-fett this hollow with thin rubble, to prevent the fand and downf: m 


getting a channel. 


In the crofs feétion, fig. 3. upon the line FFF, wherein 
MM—lIs the height of the fpringers. j 
NN—The top of the dooming or ground line. 


OO—The main height of the furface of the road, being fuppofed a little 
the middle, and hollowed at the water courfes, as before deferibed._ — + 


PP—The line of the top of the abutment walls, and 


QQ—The fame. 


Y stow, is a fection of the body of the termination walls, | 
caping : the infide of the caping ranges with the infide of the | 
putfide of the body of the termination walls, to be built wi 
fo that the loping face x w, does not go cas the ‘abutment 
dooming: “ # 

The method of founding and puileing walls inion apne 
“no part need be dug deeper than through the ‘loofe foil, 
Vou, II, og PBs 
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the bottom muft be fet with flat rubble lengthways crofs upon the foundation trench ; 
and when done to be driyen down with paviours rammers + the body of the wall to be 
built dry, but at every half yard in height to lay on bond ftones well bedded in mortar, 
at the diffance of two yards from each other, middle and middle; obferving, that in 
the courfe of bond ftones next above, to put them at the middle {paces of the courfe 
below, fo that there will be in eyent, a bond {tone’in every fquare yard of face; and 
as the bond ftones may not be long enough to reach through the wall in one entire 
{tone others mutt be laid to make good the bond quite through in’ mortar. 


The body of the terminating walls to be built with fomething of care, in the ftyle of 
a very good field wall, the cordon to be > «mer dreffed, and reduced to a thicknefs ; 
the ftone to be found and laid in with + t © parapet to be of hammer-dreffed 
ftuff of promifcuous courfes, from three to fix inches: both infide and out; built with 
, ; mortar, and neatly walled like a farm-houfe. “Lhe caping to be of good found ftone, 
- proached and well jointed, the terminating pillars hewn where oétagonal, and not hid 
by earth, the fquare bafe walled and hammer-dreffed on the fides that will appear, the 

Bs foundation rubble in mortar, 
ee ree Uo J. SMEATON. 


“To Mr, Pickernell. 
«Sir, London, 26th May 1780. 
: _ In regard to the modev6f finifhing the fouth termination from the fouth abutment, if 
the ground were as high it would be perfectly the fameas the north; you are therefore 
 tocarry on the work fo that all above that level fhall be the fame; the fection of the 
4 walls therefore under that level will be no more than a continuance of the fame fection 
lines, obferving to increafe the thicknefs, not only by a continuance of the flope on the 
face, but by fetts off on the back fide ; and as this continuance of the flope in part may make 
Miyethe foot to projett confiderably before the foundation of the main walls of the abutment, 
aa % You may get rid of it by turning it a quarter round upon the abutment wall. 
Li <a sek: 
~~ The declivity at top will be the fame as the north end; and in this manner you may be 
going: 1 you.come to the hollow, where I propofe to have two arches of 18 feet {pan, 
with a pillar of at leaft fix feet between. ‘Thefe arches are to occupy the deepeft part of 
the hollow, fo as to vend the water with the greateft advantage, and then to have an 18 
“feet arch. from the fame center over the mill leet, but feparated from the other two by 
; (Rachewalling as in length to {uit the ground, and after you are over the mill leet, then to 
os, ae “ make 


: Za et 
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make a quarter turn, and terminate the walling with two termination pillars like thofe of 
the north end. I propofe to make the 18 fect arches to rife four fect, fo that you may. be 
preparing the centering ; and as the penftones may be from 18 inches to one foot, as they 
may happen to run promifcuoufly, you may be getting them prepared; they need no work 
upon them further than to bring them to a bearing. The work of the pillar and abut. 
ment walls of the arches, alfo need no other work than to make them courle and joint; 
but the whole floor of the land arches I propofe to be rough fett with flat rubble 18 
inches in height or depth, to be jut enough fhaped with the hammer in fetting. to 
make them pack like a tolerable pavement, This to be extended about 15 feet below, 
and about five feet above the arches, apron fafhion, and to be kept by ribbands or'ftring 
pieces piled down. I mean.to pile under the pier and abutment walls; but as this will be 
particularly defcribed by the defign, ] now mention them to give you fome idea of the 
materials thatywill be wanted for that part of the fervicee 1D don’t however mean any. 
piling or wood work but what will be got out of old ftores. 


In regard to the foundation of the terminating walls, I mean that part which you are now 
to proceed upon from the preceding direétions, 1 believe the lefs you fink below the 
natural furface the lefs you will get into foft matter, fo that you may rife and fall by 
fteps according to your difcretion ; a foot into the ground, where the cover will be the 
leaft, Lapprehend will be quite fufficient ; this you are to crofs fett and drive down with 
a rammer, as directed for the north abutment; but if the matter on trial becomes foft, 
and in your judgement unfit to bear the weight, then you mutt drive promifcuous piles 
at about the rate of one ina fquare yard, more or lefs, as you judge neceflary ; but more 
rank near the front than the back fide of the wall, and rough fett, and driven down 
between the heads, fo that the heads and fetting may be flufh, upon which you are to. 
build, filling the {paces of the paving with quick lime and gravel, in cafe it beats to a 
puddle: the moft ordinary ftuff will do for this fervice, that will bear driving 5 but ger 
the piles down into a harder ftratum, if you can. 

Tam, Sir, 


J. SMEATON. 


To Mr. Pickernell. 
Sir, 
Lam oe that any thing fhould have difeompofed any part of the outworks of the 


5 nee * ight be 
bridge, though, as it turns out by your 2 is nothing more than might 2 ener’ 


Aufthorpe, 28th O€tober 1789. 








y [ 297 J 


whenever a top flood came, as before that nothing was ever ftirred, and therefore the 

rubble not difpofed as laid by the water ; but as its effects feem to have been prin: ally 

fpent upon the fourth pier, I think it will be proper now to do with it what I fave all 

along propofed in my own mind, in cafe an effect fhould take place to thedegree you 

’ have deferibed of that pier: that is, to drive fome of the round oak piles about 18 inches 
diftant, middle and middle, driving them down by fetts three feet under the common low 
water furface : the point pile being advanced up ftream about 15, or, if you pleafe, 20 feet 
above the fulient point of the cafing: the line of the piles to be made a little rounding, 
I think the upper fide is the better figure. The internal fpace between the piles and the 
cafing to be filled with rubble, as largeas you can well get it, and fome large pieces to 
be chocked in between the fhoulders of 1 <*fiag and the fhoulder piles, and then filled 
up with fmaller at the top. I would alfo lay « 99% flope of rubble upon the outfide of 
the piles, to be reconciled with the footing flope on the fide of the cafes. As it appears 
from all the arches interfpaces wearing deeper, that it is the natural effect of the waters 
being more confined than at firft by the interpofition of the piers; it therefore indicates, 
that we fhould not fill up more than whatis abfolutely neceffary for our fecurity ; for the 
more we block up the more tendency the water will have to take away the blocking and 
deepen the ces. You have not given me the foundings in the refpective interfpaces, 
~ nor told me where the rubble, &c. is chiefly lodged below the tail of the piers; if 1 were 
informed of thefe matters, as alfo whether. the deepening of the interfpaces was greater 
at the eaft or the welt fhoulders, or below the eaft fhoulders, I fhould be able to tell how 
Cee You mention however that your foundings by the fide of the fourth pier 
ow > eight feet; nowgif all lies regular, I fhall not think eight feet too great a depth in the 
__smiddle between the piers 5 and if the rubble-flopes do not reach within three feet of the top 
ane Ee eine. extending above two feet in bafe to one of perpendicular height of the 
© flope above the cafings, it will be as fufficient as if higher and broader, 
Lae 








eA Nothing will fo much tend to give an ealy paflage to the water through the bridge, 
: ee ‘its fpreading equally through all the arches. he beating jetee on the north fide, 
‘i reatly tends to prevent the water pafling freely through the north arches, at the fame 





tim e that it throws it upon the center one ; that therefore fhould not only be remoyed, 
_ but the fhore made fmooth and regular, the ground and all impediments removed 
from the north, elliptical arch, and the rifing ground below it taken away; for if the 
yater is ft below an arch it is an equal impediment to the waters getting through 
it as if under it or above; and whatever is there ftopped muft be thrown upon fome 
a “other, and the water naturally tends to find its"paffage where it finds the lealt obftruction 


e ther 












a 





\ 


E 293 J 
that is, where the channel is the deepeft. Our bufinefs is therefore as muchas poflible 
to invite the water through the fide arches by {moothing and clearing all impediments to 
it xe through the fame. 
Tam, &c. 
J, SMEATON. 


To Mr. Errington. 
Sir, 

In anfwer to your requeft, defiring my opinion in writing concerning the late calamitous 
accident at the Bridge of Hexham, and st is moft advifeable to be done upon it; I 
mutt, in the firft place, obferve to y it from reflecting upon every circumftance 
that has yet been communicated to th all the precifion I am able, I am of opinion 
that the true caufe of any failure was ccafioned, not only by the great violence where- 
with the bridge was attacked, but by the great weaknels of the ftratum of matter that 
lies immediately under the bed of the river, and which has been faid univerfally to pre- 
yail in that neighbourhood by thofe who made trial thereof, between the building of the 
firft bridge and that of the fecond; which weaknefs of the under ftratum T was not 
only aware of, but turned my thoughts towards every expedient that could tend to avert 
the ill effeéts that might arife therefrom ; and having obferved, that in all the’ attempts 
of thofe who had gone before me in this enterprize, they had dug confiderably into the 
bed of the river, and thereby rendered that weaker which was already too weak, I did 
not doubt but that, by a contrary practice, my endeavours would have been crowned 
with the wifhed and expected’ fuccets 5 for as I had read of buildings and bridges that 
had ftood upon more weak natural foundations than this appeared to be, and eyen myfelf 
had acafe of the kind, that Thad effe€tually remedied, I did not doubt, but that with the 
precaution of not weakening the upper cruft of hard gravel, but building immediately 


upon it, I fhould in like manner fucceed in this place. 


‘The inftances, however, that had come to my knowledge, though the ftrata unders 
er, yet none of them are liable to be attacked ‘ me 


- 


the foundations might be naturally weak 
with any thing near that degree of violence that this river now appears to be capable of; 
had it been poffible for me to have been acquainted before hand that a flood of this 
yiver could come down with fo much fuddennefs, as that, for want of time, for the 
lower reaches of the river to, be filled from the upper, there could be created a fall’or 
difference of level between the up ftream end and the down ftream falient point of the 


fame -pillar, of no lefs than five feet perpendicular, which would in effect create a 
: yelocity 


+ 


axe 
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velocity of the water of above a thoufand fect in a minutes I fay, could I have been 
informed of this fingle fa&t, as appeared to be at, and for fome time before any degree 
of derangement was apparent in this bridge, I never could have thought of advifing a 
or any private gentleman, tohave undertaken, at his own rifk, a building of fomuch Saag 
and hazard; and, exclufively of that danger and derangement which might naturally 

' be expected to arife from the niere rapidity of the water, I am further of opinion from 
what now appears, that the mere difference of the weight of the body of water imme- 
diately aboye the bridge, which could not be counterbalanced by a body of water of an 
equal breadth immediately below, has, in reality, been’ fufficient to force down the 
under foft ftratum out of its former pofition, fo as to be more inclined to the welt 
and occafioned the upper ftratum, upon -which the bridge immediately ftood, 4 
follow it; and in both thefe refpects, that is, of rapidity and unequal preffure upon 
the bottom, the violence would be greater than even in the great inundation of 1771 ; 
for though, acccording to accounts, the height of that was greater, yet its rife was ay 
lefs fudden ; and therefore its rapidity and tendency to derangement Tels. 


To the queftion, What is now to be done? I -anfwer, that though I do not conceive it 
impoflible to re-erect the bridge in the former fite, and where much expenfe is ftanding 
towards a completion ; yet I do conceive it impoflible to be done with any reafonable 
ope of its proving a permanent or fuccefsful undertaking. I am further fully convinced 
the bridge was perfectly fafe againft all common occurrences. 


pe 





os a . . 
: 3 ns I remain, Sir, 
: 6th April 1782, Your moft humble fervant, 
a J. SMEATON, 
+ eae 


yee 
SP: 8. ‘The bridge I mentioned to have reftored was the Bridge of Dumbarton, about 
29 miles from Glafgow, undertaken by government. ‘hat part of it that failed was 
built upon a craft of gravel not above two feet thick; and, without any flood, external 
‘ “Pviolence, ‘or previous notice, one of the pillars went down, with the two adjacent arches, 
s and erufhed the centers, then ftanding, under them. On examining, I found the ground 
ae foft under this cruft of gravel, that a bar of 40 feet went down to the head by its own 
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To Mr. Pickernell. 

Dear Sir, My Aufthorpe, 6th June 1782, 
sur honours are now in the duft! It cannot now be faid, that in the courfe of thirty 
yea» practice, and engaged in fome of the moft difficult enterprizes, not one of 
Simeaton’s works has failed: Hexham Bridge is a melancholy witnefs to the contrary ; 
yet, after all, I feel much lefs for honour and credit than I do for the aétual lofs fultained 
by Mr. Errington: it would give me much fatisfaétion if that matter were fettled between 
him and the county. I have heard that his appearance there at the Eafter feffions much 
inclined the magiftrates to fee the matter in a favourable light; but the difficulty was, 

how far it was in their power. 


sied me, that he was looking at it when it firft 
appeared to give way; his fon being but juft returned from the fouth fide, to fee that 
the {mall arches there were fafe, which was the only part that they had any doube 
about. He was wondering at the poflibility that any ftru@ture could withftand fuch 
extreme violence, yet not at all expeéting that any thing would hurt it; and remarked 


I faw Mr. Donkin in town, who ae 


that before any thing appeared to give way, the water was up to the top of the doom- 
ing of the piers up ftream when it {carcely touched the bottom of the impoft down {tream, 
which makes a fall of five feet, and it wasnot above a couple of minutes between firlt per- 
ceiving the mortar dropping out of the joints of the fofit and the fall of the arch, and fix 
more were down in half an hour, fo that it was fo equally guarded that ina manner itall 
went together. Could I have known beforehand that there was a poffibility of a flood to 
come down fo /uddenly as to have made a fall through all thofe extenfive openings of five 
feet, Ifhould certainly never have attempted the building a bridge in that fituation, as that 
fall would neceflarily create a velocity to the water in its paffage of 1100 feet per minute: 
a velocity that it would require the ftrongeft fluice-floor and aprons to withftand. Lam 
therefore clear that it has forced away the very bed of the river and all before its The occa- 
fion of this extreme fuddennefs in the waters coming down, which in that refpect was far 
greater, according to all accounts, than in the great inundation of 1771, though the, 
total height not fo great, was, doubtlefs, owing to this circumftance, that the afternoon 
before a very great downfall of fhow happened, fo deep as to cover, the ground at an 
average two feet. This was immediately fucceeded by a vait downfall of rain, none of 
which would run off, till the whole body of fnow was faturated like a {punge, and then, 
like the burfting of a fnow-ball in the fire, it would come down all at once, and that fo 
fuddenly, that the lower reaches of the river not having time to be filled from the upper 
they would be comparatively empty 5 and as the velocity of water depends upon is fall, 


* or difference of level at any given place, and not upon its total height, the ee - 
I epen 
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ye the river, whercon the fame was conftrudted, I beg leave to report, that it fully appears, 
ction that, up! ee yould- : j this bridge was undermined by the great flood, which happened on the eleventh day o 

‘Tynes March 1782, and that the foil and fubftance of the bed of the river, of iihatever ager 

] and qu ality the fame confifted, was dug or feooped out from below the greateft part of 

cely form a the piers, and that ie welt or upper fide of the Ae ee the advanced: or 


d mount up to the . eeetninge P guard we 
Yea pies yd, in point e 4 of the foil nme nde the pies where: 
















not 1 





It 
aaa bung worn eMay. ey. tte velocity of ha (eee thus circumftanc 


of a flood, it will appear no wonder that the 
h, half, ead even to three-fourths of their bafe taken: 
arches fplit in two longways, by fome of the piers break 
Pavia wlty Ribaalle ts wd : cipitated into ruin themfelves, and the parts <toipsta 1 
] { . ‘ x. 
Peruri. : Be yo pe ; i. ek as. All the piers fell towards the ftream, but took dif 
Sar ie : ; seh ta es nae excavation of the bottom, fometimes made more on one “hhoulde : 


T remain, your mo 





each pier. 


Pay 1 
le bed of 1 


in a manner at once, 





ed of the river Tyne feems to, fhift ! 
z 
ood more or lefs, and 1 






































nal one of many piers 
be laid too low. To 
qd orithat pure. 






~ is Po Ls R 4 
om there is no perfon or artift better inftruéted, more knowing, 
correét judgment, mult have be deceived in the collection 
e ed his plan of operations. 


virtues. Habituated to give, on all occa- 
fons of its faculties it often relies too much, and 
be the /arn2 of other perfons. 
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and a fuppoled hardnefs and concretion of five feet or 

, feem to have precipitately and fatally determined 
off, and appear to me to be equally the caufe of 
andonin propofition as impracticable, 


50 going toa fufficient depth, with all the 
ithf g the damage which this fite has 


uation with that of any other near to Hexham, 
' erhaps ufelefs to difeufs at prefent.—But in 

as too s unfortunately been done) 
levated banks, like to that 
within Mr. Waftell’s 


Y 
tax 











Mr. SMEATON’S Memorial concerning Hexham Bridge. 


HEN Mr. Smeaton was applied to by Mr. Errington, for the building of Hexham 
Bridge, it was not till after the total deftraétion of a bridge at the weft end of Tyne 
Green, near that place, built under the patronage of Sir Walter Blackett ; which, about 
twelve or fourteen months after it was finifhed, was totally deftroyed by an ext 
flood, that has ever fince been diftinguifhed by the name of the Great Inun 
happened in November 1771; but as this bridge was ftanding at dark in the evening, 
and totally demolifhed the next morning, no.other information could be drawn from this 
very fatal and alarming accident, but that this river was capable at times, acertain. 
combination of caufes, of being fwelled to a degree of violence. far. 
that had beforesthis been experienced, handed down by tradition, 0 



































As an evidence of this, amongft many others that might be given, the wat 
or eight feet, or thereabout, upon the main ground floor of Mr, Fenwick’ 
apartments at Bywell ; which being ereéted from the defigns of that eminent 
Mr. Payne, it is not likely that he would direé the main-floor to. be laid withi 
mark, as it had, at that time, been known, or then thought } p 
Bywell being many miles. below the junétion of the two T 
South Tyne, about a mile above Hexham) and after it had u 
the wide haughs that Jaid between Hexham and Corbridge, and 
Corbridge and Bywell, we muft conclude, that the rife of the 
than in the neighbourhood of Hexham. : ui 


Under this degree of information, and experience of the utility of a 
(Sir Walter Blackett having chofen rather to forfeit the penalty of 
pounds, that he had laid himfelf under for the upholding thereol 
or Fe-eftablith the bridge), the ere¢tion was taken up by the ¢ 
confulted that eminent engineer Mr, Wooler, then. 
the re-e(tablifhment of Tyne Bridge there, fo far 
concerned therewith, and (which thro F 
fuffered alfo an almoft total demolitio 
a perfon employed by the magiftrates: 
a bed of clay laid at no more: 





“fifty yards above, or weftward of the 
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defign for building a bridge upon the foundation deferibed, on the princi rf 
i Inge erupomal a dy upon | principles of piling 
and planking under the piers, and which was begutt acco the year 1774 5 * 
after building the north land-brealt, Mr. Pickernell was reco1 Meibithe bmivui., 
“of the year 1775 to the county, by Mr. Wooler, and employed as furveyor under in 
: ion of this bridge; who having funk the fou it for the firlt pier from 





































rt Mr. Wooler declared liis opinion, that the attempting to fet a 
1 an enormous depth of quickfand, oyer a river fo fubjeét to great floods 
be hazardous, as to be next to imprudence itfelf — and again, 


“a flood like that which overturned the late bridge 
doubted, that when the loofe gravel under the bed of 
) fhall be fwept away between any of the piers, the 
follow:like water itfelf; and an excavation may be 

a e piles that guard the piers ; 

On thefe principles therefore, 

d in this {pot ; and, ifno better can be found in 
e method of dealing with fuch ground, which has 
is, by carrying a folid wall quite 
thigh; and in this cafe it muft be 
made from a copy of Mr. 
the perufal of which will 

: ion; that no bridge 





ediate confequence. 
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« made there, I do not know any other means to effe& it— You will lay this beforethe 
* gentlemen for their confideration.”” 4 ba | 


ter this, Mr. Pickernell proceeded to fink a_well or fhaft in the folid foil of Tyne 
Green, near the place where the fouth abutment of the intended bridge was to be; when 
paffing through the ftratum of gravel, found the quickfand at nearly the fame depth, 
(that is to fay, four feet below the bed of the river) as in the fonndation pit for the pier 
on the other fide, into which he thruft his iron bar as before, and covered up the thaft, 
till Mr. Wooler fhould come and examine the premifes. te 






























et 


He alfo proceeded to try the river, } cing in other places; and particularly in e 
pool below the eaft boat; that is. + le Love the place where Mr. Smeatomafters } 
pitched upon, to build a bridge “. Mr. Errington ; an account of whi 
tranfmitted by Mr. Pickernell to the clerk of the peace, reference b 
more fully appear ; but which went to prove, that whenever Mr. Pick 
trated the bed of gravel, univerfally a ftratum of quickfand was found. 

\ 


Under thefe circumftances Mr. Wooler attended at Hexham, to furveysthe premiles Eats. 
and in the prefence of fome of the magiftrates affembled on the occafion, repe pale 
trial of the bar, both in the foundation pit near the north, and inthe near 
end of the intended bridge; and:which fucceeded as. before met 
of a ftratum of quickfand under a bed of gravel in this place, then, 
upon the fimple teftimony of Mr. Pickernell, but is alike witneffed by very r 


Saat 









as well as competent judges: , i 33 
The refult of which view and furvey was; that no other place 
and likely, than where the beginning had been made, and being wl 
the principle intended and began, of piling and planking: 
magiltrates not giving ean to the folid wall propofed by 
whole bed of the river, from fide to fide, as an artifi | 
be ereéted), on account of the expenfe thereof, which was. 
fo great as to be very imprudent for even the county to) 
was at that time given up or fufpended : and Mr, Wool 
ee. * defifting from his original plan; on going ‘away, he very. 
Pe, whoever meddled with a bridge there, would burn their: 
of the county, unwilling to lofe fight of a br 
©) after appeared im all the Newcaltle newspapers 
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+ this 
rally confidered as 
fatten end of the year 
a: on in Mr, Errington’s 
on-of building a bridge over the Tyne, 
tat Hexham, for Mr. Errington, pro- 


i founding thereof which he thought fo 


tington) would make a propofal for 
- county had been fo long baflled in the 
) his eftate, if it could be done there, it was 
ate expenfe, the county might accept of a 
nm) was two or three hundred 


at time, he had ftudioufly 
n frequently in that neighbour- 
p the time of firft undertaking 
n this occafion as a great advantage 
, unlikely to get done ; 
and in thinking ferioufly 
that could not only be 
it of the fubje&; but the 
kind of foundation as 
afonable profpet of 
~ y - 
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feo 
upon it, he would be willing to give Mr. Errington an eftimate. ‘he trial was made, | 
afilte? by Mr. Pickernell, who on this occafion recounted the principal part of whats a 


Yated, fo far as he was concerned ; the eflimate was made, prefented and accepted, 

— . . 7 

the bridge undertaken, built, and fuffered the fatal overthrow that has occafioned the 
prefent litigation, 





The preceding narrative will fufficiently thow, that none of the parties preffed them- 
felves into this unfortunate, this ill-fated bufinefs, or proceeded in it from any interefted: 



























motives. +e 


9 acy 


rofeffed nor could ever have any view of 
seat benefit that it might in that fituation be to: 
pains and trouble that mufl Tari d i 


Refpeéting Mr. Errington, he neithe 
profit from the undertaking, the ¢ 
his eftate, being the fole motive of 


Refpeéting Mr. Smeaton, he neither afked, expected, fought, 1 
his accuftomed daily hire, and he trufts, that it will not be fuppofed, that he c 
to undertake this bufinefs for want of employ ; and in refpeét of Mr. Pickernell, 
wanted employ, he would have been much more likely to have met with” 
bridge being proceeded with, if he had reported a good gravel to an. 
depth, knowing or believing there was a quickfand at nine o 
he could expect from reporting a quickfand, at nine « 
the gravel, knowing or believing it was gravel un 
at all acquainted with Mr. Smeaton’s ideas of the proper met 
fubject, he muft fuppofe it more likely for a bridge to be un 
with, if the foundation, was a gravel unfathomable, than v 


fand under it. > 


What remain, therefore, as queftions material to tt 
feem to be the following, and what they who unde! 
fhould be acquainted with. “ 


ift, Whether Mr. Smeaton from the whole t 
his projet, did it with that deliberate judgment 
that have characterized him in other things ? 














, Whether Mr. Exrin a any ) e : 
Pea rea o. when c ared with 2 or 0 jine on », 
F “ ‘ jt was done, when compared with the manner of founding on ¢ ufed by our fore- 


fathers; and which, for Sir We 5 ened and undertaken at the rifque . 
nious and well erie r. John Gott, of Woodhall, in ite 2 
f the County of York, who for feveral years previous to that, had been 
undertaker of the building and repairs of the county bridges in the faid Welt-Riding, 
and alfo furyeyor of the rebuilding and repairs of the navigation works upon the rivers — ee 
Aire and Calder; a man rendered truly refpectable to all who knew ced lorie 
fsful experience in this kind of arduous undertakings; 2 













extent, what he was dire€ted by Mr. Smeaton? 

. EY eo ¢ BS 

of the fubjedt, 

ed to be re-inftated, or a new one built at 
* 








Jer all the ¢ ience and knowledge 








over, previoufly to this unde 
i taken and completed the new bridge at Ferrybridge, 


\ N 1 chem 
r iti » upon the felf fame prinviples that he afterwards 
“ 3 ; ; oe upon the Tyne, and which bridge? ftill ftands unhurt upon t 
failuré Walter’s bridge in tt { : pa ages 6 i @ ; 
ilu Walter’s. bri | r alfo united with the large river Calder) to the praife of the 





elocit hat the water had i . 
3 5 : thereof. 





lure: for though ; 

n, Mr. Gott, being perfonally known to Sir Walter Blacke 

ir Walter pitched upon him as a proper perfon to enfure fuc 

&; and ftill the more e@tually to do it, he joined with 
worthy and experienced mafon of the neig rhood 

If by many works done for Sit Walter and others 


bh 





it to have rifen 


en Bb LY LDaaprous Egos <a ‘ ral ; favourite 
ore : 4 : » : in z Mr. Brown, a v 
that had acquitted himfe i 0 
fcertained beyond a doubt, t! : . in the bridge way, and was alfo at that time furveyor : 
itis a of Northumberland: and ftill the further to fecure their care and ind 
r ‘ ; ena i rh = taking, he had them bound to him as undertakers for the fui 
2 / ; }  —_ traéted with him, to uphold their works for the teri 
the county; but as a demonftration, that fhews how 
care and {kill of the undertakers were fully and 
accident and a full examination, gave them up 
with him, contenting himfelf to pay the penalty in 
., “Ee 





on what I hat 





in fo fhort a “An 1 throw a confiderable light 
t be loft time to the mode of founding, 


y of curiofity Wee ana’ | 
gop Smeaton by ocular inipection. 


ularly and previ 
ularly an 
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ed large and broad coffer dam: ‘earth torfence off the water, by 
imps, they fank the foundation pit about three feet into t=, 
les over the whole area of the intended foundation of :oc 
elve feet long, and from ten to twelve inches diameter in the neads, and 
ording to the natural taper of the timber, proper for driving into gravel of 
“refiftance. The heads being cut to a level, the whole was covered by a 
Je of whole (that is twelve inches) Riga balks, rabbetted or halved into 
each could not fubfide without its neighbour going with it, and 
illars were refpectively built. 





Teafon to believe (thou ithe never happened to be there when any 
that the undertakers fading “heir piles go into the ground more 
ed, and the upper part the hardeft, did not in all the pillars 
n of the foundation pit quite fo deep as above mentioned, but yet all 
the bed of the river : and, in a converfation with Sir Walter Blackett, 
the bridge was done, Sir Walter obferving to Mr. Smeaton, that 
that the founding of the bridge had not been made fufficiently 
n “that had they encreafed the circumference with plank or theet 
ehad don all the gravel foundations of the kind, that he had had the 
, it was all he fhould have done more than was done; but as the laying a 
“and even the piling itfelf, were things that our forefathers had not gene- 
h cafes, and yet we found many of their bridges ftanding after 
mutt be fomething very extraordinary that could hurt a founda- 
-any thing wherewith we were then acquainted. 


of Mr. Smeaton was at that time, before any 

$a matter to him of very great furprize, that 
of the water, a bridge fo founded fhould be 
e of time ; but when the operations of Mr. 
Jooking upon it as a certainty, that the 
of gravel, wounded alfo by the exca- 
, he no longer wondered at the 
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7 two of the reputed moft rapid rivers of their magnitude in that part of Great Britain ; 
that is, over the Tweed at Coldftream, which was finifhed about the year 1767, and 

# she Tay at Perth, which.was finifhed in or about the year 1770, and which in the 
interim before Mr. Donkin’s application, had fuftained many fevere attacks from floods, 

but without any injury, except (in fome flight degree) to the rough rubble {tone depo- 

fited round the piers by way of defence, and which being occafionally replaced, the 
whole remained and does ftill remain unhurt, 58 7 
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Thefe bridges, the firll being in part, and the latter wholly upon gravel of 
able depth, were founded on bearing piles, encafed with fheet or plank piles, belov 
bed of the river, the {pace being filled up, 2nd the foundation farther defended by the — 
depofition of rough quarry rubble ones: and Mr. Smeaton haying experienced the 
great dependence and power of refiftance of ftones fo depofited, no d 
of building the bridges above mentioned, but in a great variety of cafes 
undertakings as well as after, wherein he found them the molt 
only of controuling the violence of rapid rivers, but of the fea itfelf, 
led to place very great confidence in that fpecies of defence. 












athly, That partly from the report of Mr. Pickernell’s borings, p 
larity of fituation of the place propofed by Mr. Errington, t ' 
Blackett and Mr. Wooler had worked, being both of them ni 
extenfive pool, wherein the water is kept up by a bed of Br el 
forming as it were @ natural dam, whereby the motion of the water in 
sn the low ftate of the river, was {carcely perceptible; I fay, from fin 
Mr. Pickernell’s report of the ground, juft above the place pitched upon by Mr 
and the trials that he (Mr. Smeaton) made himfelf, by driving a 
ne to ten feet into the bed of the river in feveral places, Sag 
ably lefs refifted, and particularly in the main current, after it 
feet, than it was in entering the upper cruft of the gravel bed, 
him, by his aflifting perfonally in the gpetaton from” 
thought himfelf well juftified in concluding, that 
ten feet, at this place, there either actually t 
that at the welt end of Tyne Green, oF at leaft n 
pearing weight, that to drive piles into 
-_queftion therefore, that he had to 
a bed of gravel of 
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the bed 
he anfwers, becaufe 


founding bridges 5 for the colli 
e ley are to a 





being driven by a hammer, 
and ftrength of the blows 
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m a2 mature confiderati 
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of the wall; t 


tin cafe the q ick- 





to do, the dra 





1 with fo much fuccels as 


of this liquid 
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dently to him, was li ly to partake of the fame quality, the e 
© folid wall, or of penr fed by others (to make which effedtual mult 
‘tt to the fame thing) could not be done upon any limited elftimate; and at any 

would exceed all bounds of expenfe, that it appeared to him likely or indeed 

prudent to be gone into by the county. * 

Fee 
That to attempt the building of the bridge upon. the rincipl 

that is, to fink an excavation pit confiderably into the bed of the ri 

pile and e fe, would be, in effeét, firlt to deftroy the very beft and fi 

the ftratum, and then by driving piles into what was likely to be incapable 

the we would be in reality te xepeat (errors, that, as it feemed t hi 

committed in Mr, Gott’s ereétion; «ad as, aft of all, the t 

of thefe methods, mutt ultimately depend upon the defe 
and proper depofition of rough quarry rubble; it aj 

deftroy the firm upper cruft of gravel that he reportec 

comparatively hard, like the pavement Gf Hexham ftreets, and then, ¢ 

fubftitute fomething not fo much to be depended on, and this fill w 

quarry rubble, which in every cafe could be applied: and he mult 

remark, that a quarry, fituated moft commodioufly to this fitua 


les 


eftate of Mr. Errington, d the greateft plenty yf 


— moft excellent quality for the purpol the 


From the whole of the premifes he concluded, that the fate 
F catetates . 
of the bed of gravel inviolab! unbroken'e 
e main ch: el of the river, where t inution of 
ly to him appeared 5 fo that, oncludin 
with cafting, and alfo the two pillars next theret », in | 
~~ ayain out the water (he having found that within 
qually hard and compact) the 
piers by caiffon 5 meth 
at hi e y rien : quarry 
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He concluded therefore to build a bridge of nine arches inftead of feven, that it Tight 
have more legs to ftand upon, in confequence of the natural weaknels of the {tratam ; 
and by way of fecurity to the piers, before they could be properly and fufficiently ie 
rounded by the propofed flope of rubble, as well as after, in cafe of any derangement to 
the rubble defence, a girdle of ftones in blocks of a ton weight and upwards, was pro. 
pofed to be let down, and furround the bale of each pier, to be fitted to each other, 
and to the pier they furrounded, and to be cramped together. 


Upon this idea of conftruétion Mr. Smeaton formed his original eftimate ; and which, 
from the fimple mode of it, could be executed for a very moderate fum of money, 
in proportion to the largenefs of the river and extent of the work; and which, in 
confequence, was bargained for by Mr. Errington, and the work proceeded with 
accordingly. 


The north land-breaft and the adjoining pier were fuccefsfully built upon piles encafed 
as propofed; and the gravel being there very fufficiently compact (fo as to afford only a 


__ moderate quantity of water) Mr. Smeaton determined to try to go on as far as he could 
“upon that principle, and therefore ordered the fecond pier from the north abutment to 
~ he tried with a coffer dam, to encayate and found like the firft ; but when the pit was funk 


but two feet under the level of the water outfide, and not much more than half as much 


figs. 3 


of them done as poffible while that favourable feafon lafted ; but a number of blocks 

z girdle courfe not immediately arifing out of the quarries of a fufficient fize for 

arpofe, about the latter end of July four out of the five caiffon piers were grounded 
upon the bottom of the river, and brought above water, when only one of them had any 
of the girdle ftones brought and depofited, and this only in part around it ; beginning 
from the weftern or up ftream falient point, and extending from thence about half way 
round the pier on each fide: in this ftate of things, after a remarkably dry feafon of 
fome months, there came a violent rapid flood, not indeed a very high one, but the 
river being previoufly empty of water, and the rain which occafioned it falling very fud- 
denly, it came down (being alfo urged by a violent wind at weft) with uncommon ras 
pidity ; the confequence of which wa the four caiffon piers, totally unguarded 
‘wathed at the weft end, to the depth of about 
15 inches at a medium, at the borders, and fome to a greater breadth and’ fome’ lefs 5 
but the pier that had the half girdle courfe round: the welt point having been found! to 
fuffer along with the reft, though not in fo great a degree, this induced’ Mr, Smeaton 
to think of a mode of defence not merely terminating upon the upper craft of the’ gravel: 
as the girdle ftones (which this event fllewed was not fufficient to refift the increafed: 
velocity of the current, when paling by a new object), but inftead of the girdle flones, 


except as above-mentioned, were al 


to go fome depth into the gravel ; which it appeared practicable to do, by driving a 
cafing of plank piles to furround every caiffon pier at the diftance of three feet, which 





under the natural bed of the river, the water boiled up between the interftices of the 
|» gravel ftones, bringing fand along with it, that it required forty men continually at the 


* a ~ pumps to Keep it down ; and it was not without the utmoft difficulty that the pier was 
~~ founded on that principle at that depth. 


would alfo enable him fafely to underpin the parts underwafhed: 






To this propofition (though attended with an addition of expenfe unthought of before, | 
of between five and fix hundred pounds) Mr. Donkin very readily confented on the | 
part of Mr. Errington. This was therefore immediately put in hand before further pro- 


- i 
The fouth abutment and contiguous pillar were alfo fuccefsfully founded, according to ceedings were gone upon. or > 
, {ue original intentions; but at the fecond pier from the fouth, the water being much ~. 4 


Hitherto I have been particular, as it feemed abfolutely neceffary to give an adequate = 7 
idea of the natural difficulties attending this work, and what a yery {mall portion of | 
them were known before it was originally enterprifed by Mr. Gott; how gradually they | 
unfolded themfelves in confequence of the fteps that from time to time had been taken 5. 
and how very far all were from being aware of the whole, wien the work was begun: by” 

Mr. Errington under the direCtion of Mi, Smeaton. Suffice it therefore to-fay, that the 
cafing of the damaged piers, and the underfetting of three of them, was proceeded upon. 
with the greateft alacrity, and completed that feafon 5 nor did any other adyerfe accident 


fiappen to the completion of the bridge. 


deeper (being in the main channel, and the gravel bottom clean wathed, like the fecond 
from the north) Mr. Smeaton judged it in vain to attempt any more pillars by coffer 
dams, becaufe it would be an ufelefs expenfe to conftrué a coffer dam without the leaft 
probability of maftering the water. 


Early inthe fummer of 1778, the remaining five pillars were begun to be executed 
by caiffons, and Mr. Smeaton attended the execution of the firft that was laid, which 
% was the fourth pier from the north fide of the center arch ; and which was done with 

fo much expedition, eafe, and conyenience, that the feafon and weather turning out 

, "Yemarkable fine, the whole body of agents and workmen preffed forward to get as many 
+ aR ae off 
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He concluded therefore to build a bridge of nine arches inftead of feven, that it might 
have more legs to ftand upon, in confequence of the natural weaknefs of the ftratum ; 
and by way of fecurity to the piers, before they could be properly and fufficiently ft: 
rounded by the propofed flope of rubble, as well as after, in cafe of any derangement to 
the rubble defence, a girdle of ftones in blocks of a ton weight and upwards, was pro- 
pofed to be Jet down, and furround the bale of each pier, to be fitted to each other, 
and to the pier they furrounded, and to be cramped together. 


Upon this idea of conftruétion Mr. Smeaton formed his original eftimate ; and which, 
from the fimple mode of it, could be executed for a very moderate fum of money, 
in proportion to the largenels of the river and extent of the work; and which, in 
confequence, was bargained for by Mr. Errington, and the work proceeded with 
accordingly. 


The north land-breaft and the adjoining pier were fuccefsfully built upon piles encafed 
as propofed ; and the gravel being there very fufficiently compact (fo as to afford only a 
moderate quantity of water) Mr. Smeaton determined to try to go on as far as he could 


- pon that principle, and therefore ordered the fecond pier from the north abutment to 
~ he tried with a coffer dam, to encavate and found like the firft ; but when the pit was funk 





but two feet under the level of the water outfide, and not much more than half as much 
under the natural bed of the river, the water boiled up between the interftices of the 


ee gravel ftones, bringing fand along with it, that it required forty men continually at the 


nps to keep it down ; and it was not without the utmoft difficulty that the pier was 


"founded on that principle at that depth. 


‘The fouth abutment and contiguous pillar were alfo fuccefsfully founded, according to 
ie original intentions; but at the fecond pier from the fouth, the water being much 
deeper (being in the main channel, and the gravel bottom clean wathed, like the fecond 

from the north) Mr. Smeaton judged it in vain to attempt any more pillars by coffer 
dams, becaufe it would be an ufelefs expenfe to conftruct a coffer dam without the leaft 


probability of maftering the water. 





fummer of 1778, the remaining five pillars were begun to be executed 
| Mr. Smeaton attended the execution of the firft that was laid, which 
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bien 1 pier from the north fide of the center arc; and which was done with 
- much: expedition, eafe, and convenience, that the feafon and weather turning out 


of 
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of them done as poftible while that favourable feafon lafted ; but a number of blocks 

z girdle courfe not immediately arifing out of the quarries of a fufficient fize for 

arpofe, about the latter end of July four out of the five caiffon piers were grounded 
upon the bottom of the river, and brought above water, when only one cbshaek had any 
of the girdle ftones brought and depofited, and this only in part around it; beginning 
from the weftern or up ftream falient point, and extending from thence about half way 
round the pier on each fide: in this ftate of things, after a remarkably dry feafon of 
fome months, there came a violent rapid flood, not indeed a very high one, but the 
river being previoufly empty of water, and the rain which occafioned it falling very fud- 
denly, it came down (being alfo urged by a violent wind at welt) with uncommon ras 
pidity ; the confequence of which wa the four caiffon piers, totally unguarded 
:wathed at the weft end, to the depth of about 
15 inches at a medium, at the borders, and fome to a greater breadth and fome lefs ; 


except as above-mentioned, were at 


but the pier that had the half girdle courfe round the weft point having been found to 

fuffer along with the reft, though not in fo great a degree, this induced Mr. Smeaton 

to think of a mode of defence not merely terminating upon the upper cruft of the gravel 

as the girdle ftones (which this event flewed was not fufficient to refift the increafed: 
velocity of the current, when pafling by a new object), but inftead of the girdle ftones, 
to go fome depth into the gravel ; which it appeared practicable to do, by, driving a 

cafing of plank piles to furround every caiffon pier at the diftance of three feet, which — 
would alfo enable him fafely to underpin the parts underwafhed. 


To this propofition (though attended with an addition of expenfe unthought of before, 
of between five and fix hundred pounds) Mr. Donkin very readily confented on the 
part of Mr. Errington. This was therefore immediately put in hand before further pro- 
ceedings were gone upon. 

“T 

Hitherto I have been particular, as it feemed abfolutely neceffary to give an adequate 
jdea of the natural difficulties attending this work, and. what a: very fmall portion of 
them were known before it was originally enterprifed by Mr. Gott; how gradually they 
unfolded themfelves in confequence of the {teps that from time tojtime had been taken 5. 
and how very far all were from being aware of the whole, when the work was begun by” 
Mr. Errington under the direction of Mr, Smeaton. Suffice it therefore to-fay, that the 
cafing of te damaged piers, and the underfetting of three of them, was proceeded’ upon. 
d completed that feafon 5 nor did any other adverfe accident 


with the greateft alacrity, an 
happen to the completion of the bridge. 
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—_ Te may be proper to mention that when the firft cafing was completed, which was about 
fifth pier from the north fide, Mr. Smeaton ordered a trial to be made to pump out 
ter, which, if practicable, would have afforded the moft ealy way of underfotting 
1 waihed parts; but this being attempted, Mr, Pickernell reported, that with four 
yumps and two fingle ones they had not been able to fink the furface of the water 
cafe above an inch below the furface on the outfide, In this method, however, 
cafes ufed at Perth Bridge were driven fo as to keep the water out of the 
i tion pits, when the furface of the river (when the tide was in) was from fix to 
ven feet deep upon the bed of the river, and confequently againft the fides of the cafing. 
therefore have feemed that there had been fome very palpable defeét in driving 
‘not the operations at the fecond pier from the north fide fufficiently 
{ ly open the bed of gravel is tothe paflage of water, and how im- 
every method was likely to prove that depended upon the drainage of the 
piers to be placed in the main channel of the river. 





























and much larger floods than that which did the mifchief happened 
winter, particularly one upon the 12th of December, when 
; of the top of the inpoft ; when Mr, Pickernell marked a 


hree i pegs any material damage to any thing, which natu- 
1 thofe concerned to proceed in the way they were then going on. 

gun by new founding the weftern half of the pier, that the 
_ beit completed the year before, which was the fifth from the 
out caiffon or draining the water, by means of an air cheft or 
been very fuccefsfully and conveniently employed in under- 
rs; and the pier before unbegun (being the fixth from 


founded by caiffon ; but with this difference, that the 
down flream falient pointing, before the caiffon was 
peng. 
9 deferibe the particular operations of what followed 
done without reference to figures 5 I fhall 
‘the year 1779; and alfo afterwards while 
were guarded all round by a depofition 
he torrents that this river then ap- 
1 e bulwarks were extended to the 
cafes refpedtively. 


‘That 
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‘That the underfetting of the three piers fo treated, was done fo as to be as folid and 
effe€tual as the gravel ftratum which the whole flood upon, as alfo the new founding of 


__ half of the fifth pier, and the original founding of the fixth, which was the laft founded; | 
‘and that the whole ftood upon one bottom equally capable of fupporting the weight of | 


the fuperftruéture built upon it, appears from this, that in the whole of the mafonr: 
from the time of the accident in 1778 to the time of its total overthrow in the year aa 
there never appeared the leaft crack or fet in any part of the work, not even in the ee 
pets, which to thofe who are well experienced in bridge-building, will appear a remark- 
able inftanice of the foundnefs of the work ; and furthermore, that the whole was fufh- 
ciently guarded againft every accident that could be forefeen or expeéted appears from , 
this; that in the year 1779 a remarkably rapid flood happened: which Mr. Pickernelt 






















obferved, from marks upon the bridge, Above and below, fhewed a fall of three feet nine : 
inches, occafioning a velocity of above goo feet per minute, which only -paffed Py, my i 
without any material derangement ; but, on the contrary, fuch chan, had etc 


made in the bed of the river had been for the better, as it had acquired a mor 
depth from fide to fide ; the fhallow parts becoming deeper, and even the deeper pal 
the depofiting of gravel, had become fhallower, and every flood that happened after, occ 
fioned reports of the fame kind till the Jaft. In this manner, and with thefe ideas, every 
thing was fatisfaétorily finifhed, and the rubbling completed, according to/Mr. 
direétions, at or about Chriftmas 17803 and in the beginning of January 178 
viewed the whole, in the prefence of the magiftrates of the county, who attended for 
that purpofe, and found every thing done to his great fatisfadtion as well as theirs ; and 
as fuch reported it to the county, as being completed according to: Mr. Errington’s 
agreement. gt SOR 
‘After all fucceeding floods, every account was of the moft flattering kind; fo that 
previoufly to the laft flood, every perfon concerned therein or therewith feemed perfedily et 


eafy as to the fecurity of Hexham Bridge. m ee Mise 


ening the 1eth of March 1782, there happened in that country : : 





On Sunday ev u t 
downfall of fnow, fo great as to bea foot thick upon the plain ground 5 which was imme- 
diately fucceeded by a violent hurricane: an of {now is to drink up the rain” 
like a fponge, till it becomes perfeétly faturated with waters itthen burfts at once like a {hoy 
ball in the fire, and may be fitly compared to an immente refervoir, extending oyer the 
country, and breaking loofe altogether ; and as the hills, and whole face of this co 
fteep, comparatively like the roof of a houfe, the water is capable of coming dé 
fuddenly ; it then meets altogether; by the junction of the two Tynes, a little above 


ham, without having any confiderable flat ground to fpread itfelf upon. The next morning, — = 
t . -* 
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yiz. Monday, March rth, Mr. Donkin perceiving an extraordinary high flood in the river 
(which runs from weft to eaft) attended with a very high wefterly wind, he we 1.1 
down to the bridge, to obferve the effets of the water upon it; but without thy 
pofition ofany damage happening thereto; when he obferyed, that the water was up to tie 
top of the dooming (as there called), that is, the tops of the caps of the falient points upon 
the piers of the up ftream fide of the bridge, when it fearcely touched thedown {tream fide. 
which makes a difference in level in pailing the bridge of no lefs than between four mad 
fiye feet, and which, according to the known rules of hydraulicks, will occafion a velocity 
of one thoufand feet in a minute; but yet he was fo far from apprehending any danger to 
the bridge, that he had juft fent his fon over it, to the fouth end, with two or three mafons 
to examine the ftate of the land-arches there, who reported all fafe, but they had aa 
returned above five minutes, before he beges 9 -hiirve fymptoms of failure, when to 
his great furprize, “ he perceived fome particles o: nie fall from the fourth arch, about 
. the fize of chaff, and the lime coming from thence and no where elfe, he pointed his 
‘¢ obfervations to that part only. That the falling of the lime continued to encreafe in 
: rs. fize and quantity, for the {pace of a minute; that foon after he obferved a crack acrofs 
“ the bend of the arch towards the upper fide of the bridge, which crack gradually 
« widened, and in about a minute more, the fplinters from the ftones in the plain part of 
« the fpandrel, between the third and fourth arch, which he could perceive fhake, gave 
«© way, and the two arches and a pier fell together; that the whole bridge was deftroyed 
4 jn half an hour,’’ only two arches remaining whole, and one fell in part in the evening. 
Such was the fudden cataftrophe of this much commended unfortunate bridge. 


‘The fecond queftion is, Whether Mr. Errington was fparing of any thing neceflary 
to give fuccefs to that mode of building, which Mr. Smeaton had adopted ? 


‘To this Mr. Smeaton can only bear his teftimony, that he was not; nor did he ever 
hear him find fault with any expenfe, thought neceflary by Mr. Smeaton ; on the con- 
trary, he always eXpreffed his wifhes to have the bridge completed in the moft fub- 

, ftantial and effectual manner. Nor did he ever appear difquieted by the difafter of 1778, 
eratthe expenfe of what Mr. Smeaton had! propofed as a neceflary addition, though at 
fo confiderable an increafe as five onfix hundred'pounds, as has been already ftated. 

. ~ 

‘Thirdly, refpecting Mr. Pickernell, whether he did to the beft of his power and know- 
ledge, execute to a reafonable and poffible extent, what was dire€ted by Mr. Smeaton ? 
And to this Mr. Smeaton thinks it but juft to fay as awitnefs, that he always looked os 

_ Mr, Pickernell throughout the whole proceeding, as a perfon particularly attentive « 

execute 


4 


. 


sare | 


execute orders and dire¢tions given by him, and upon whole capacity for that purpofe 
he cou'd fafely rely, after having fhewn him the mode of going about any new operant 
=a upon whofe reports of thefe operations, he could alfo fafely rely ; and as the geneial 
workmanfhip of the bridge has been applauded by many, and difeommended by none: 
it feems there is only one point in which Mr, Pickernell’s execution of i Steen 
orders can be called in queftion, and that is refpetting the driving down of the cafes of 


piles, round the caiffon piers, to a proper depth ; it is therefore neceffary to ftate this 
matter particularly. 


Mr. Smeaton’s written inftructions were as follow; ‘ The length of the piles fhould 
conform to the depth of the water ; I wouid not with the fheeting piles round the welt 
end, and the firft bay of the retur on each fide, to go into: the ground more than 
about ten feet, and if they do not drive kindly, muft be contented with Tels; from 
© thence, each baymay be gradually lefs depth into the ground, fo that round the down 
© ftream pointing feven feet will be fufficient. If the gage piles drive kindly, they may 
be longer by eighteen inches or two feet than the fheeting, but if not, they need not 


G 


‘ 


be above one foot longer.” 


To the above, in the courfe of the work, Mr. Pickernell reported, that haying driven 
the piles of the fifth pier from the north, which was the firft to which the cafing was 
applied, the gage piles went down. very well and entered two or three inches at a ftroke, 
but when he came to drive the plank piles, they could not be got into the ground more 
than from five to feven feet. 


He further reported in the courfe of this bufinefs, in regard to the fheet piling of the 
feventh pier from the north (or fecond from the fouth fide) which was the laft cafing driven 
of the four damaged piers ; that the bed of the river at the fouth fide, is entirely full of 
large flat ftones, fuch as they got out of Oakwood bank quarry, which have been the 
ruins of the boats’ landings, taken away by floods and ice from time to time, and thofe 
flones had obftruéted their theet piling round that foundation, and had occafioned many 
of them to go out of their places at bottom, fo that fundry cavities were occafioned thereby, 


more than in the laft. 


Thefe were the reprefentations of Mr. Pickernell, concerning his execution of Mr. Smea- 
ton’s orders, refpecting the piling; fo that if they were driven to a lefs depth, or im any 
manner lefs effectual than as above reprefented, Mr. Pickernell mut anfwer tout, as 


Mi. Smeaton was totally unacquainted therewith, nor was any infuficiency in this pat et 
SW 2 the 
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the work ever fuggefted to him by any perfon whatfoever during the courfe of the work 
or fince, till he heard of an oppofition to Mr, Errington’s bill for relic , 
obligation. 


But whether in reality Mr. Pickernell did this part of the work equal to the above 
reprefentation of it or not, that the © dig or falling of the bridge may not be wholly 
Teft to reft at Mr. Pickernell’s do. Smeaton, in juftice to Mr. Pickernell as well as 
himlelf, thinks it neceffary to declare, that for the reafons already afligned, (as well as 
the verification thereof during the courfe of the work, by every flood that happened) 

. fo great and abfolute was his dependence upon the application of Oakwood bank quarry 
rubble, as an ultimate defence to contreu’ ‘nce of the Tyne’s floods (no part of it 
laid round the coffer dam foundations, tave., een moved); that provided the piles 
of the cafings were but driven into the ground, fo far as to fix faft therein, and fo clofe 
together, that though the cafes might not hold water, they might retain the gravel from 
being wafhed out through the chinks from under the piers 5 he had not the leaft doubt 
of preventing any material damage ever being done to the pile work, by the application 
of the faid rubble to furround them. This fentiment, however, though it diétated that 
part of his inftruétions, “ get the bays of fheet-piling at the welt end of the piers down to 
< ten feet if you can, if you cannot, we mutt be contented with lefs ;”” and alfo made 
Mr. Smeaton contented with what was above reported to him, as the moft imperfect part 
of the performance ; yet he never communicated this opinion to Mr. Pickernell, or any 
other perfon 5 left the workmen from hearing thereof, might be induced to fatisly 
themfelves with doing lefs than otherwife they might be capable of, in the way of getting 
them down as far as they could. 


Whether Mr. Smeaton’s opinion, concerning the fecurity of Oakwood bank quarry 
rubble, was well or ill-founded, will be further examined in the fequel ; but this is cer- 
tain, that the driving of the cafes not being completed before the middle ef September, 

and being then very defirous to take advantage of the fecurity they afforded, to get the 
~ piers underfet, if poffible, or otherwife fecured before the heavy winter floods came on, 
‘he concluded, that if the experience of thefé floods fhould fhew a need of greater ftrength 
and'defence, it might be added in the courfe of the next feafon. 


This autumn of 1778, in reality, afforded the experience of a confiderable number of 
floods, among{t which, the laft, which was of December 12, was a capital one, and the 
higheft that had been fince the great inundation of 17713 and the water on the weft or 


| up ftream fide of the bridge, was within nine inches of the top of the impoft of the fecom 
F piet 


| 
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pier from the north, when at the eaft end it was one foot three inches below it, fo that 

= . . § 

th was then no lefs than two feet three inches, and which would produce a velocity 
e feven hundred feet per minute. 


After the water was fubfided fo as to afford a full examination, Mr. Pickernell reported 
the effeét; viz. that there were but very fet che rubble {tones remoyed from where 
they were thrown in round the foundation what were moved, were from the welt 
fhoulders; but that from the third pier to the north, round which no ftones had been 
depofited, it had torn up the gravel from the falient point and weft fhoulders, to the depth 
of three feet; and that from thence to the ftones that were laid round the fecond pier, 
it had deepened the bed of the river * een inches, (which before was too fhallow) 5 
put as to all the other part of the _ he could not perceive it altered in the leaft. 

The experience therefore of thefe floods, and particularly that of the rath December, 
all concurred in proving, that the Oakwood bank quarry rubble was a fufficient defence 
againft every violence of the Tyne: fo that it did not appear neceffary to introduce any 
new mode of defence, but only to apply the rubble in the moft effeétual manner ; and as 
the welt fhoulders appeared to be the parts that the greateft ftrefs came upon, Mr. Smeaton 
ordered that the water might not meet with fo fudden an oppofition, there, but be more 
evenly, flopingly, and gradually brought thereupon, that the weft falient points of the 
rubble fhould be éxtended weftward of the falient points of the cafes refpectively, to the 
length of at leaft thirty feet ; which was accordingly executed by Mr. Pickernell upon all 


the caiffon piers. 


athly, We come now to the fourth and laft queltion, yiz. Whether under all the ex- 
perience and knowledge of the fubject as it now {tands, the prefent bridge fhould be 
attempted to be reinftated, or a new one built at Hexham ? 


This quettion is indeed of far the moft material import 5. for it is of little confequence 
to the public, in the prefent ftate of things, whether Mr. Smeaton misjudged of the fub- 
ject ? Whether he was deceived himfelf, or was deceived by others? Or, whether 
Mr. Pickernell did or did not do his beft, towards a full execution of Mr. Smeaton’s 
orders, in regard to the driving the cafing piles? Nor is it of any confequence to know; 
that in point of art, but without any regard to, or limitation of expenfe, a bedee 
poflible to be built; the true queftion is, Is it fitting for the county to undertake it ? 


i 2 Mr, Erring- 
Suppofing the Treafurer in offefion of whatever {um can be recovered from 
a alter Blackett’s three thoufand 


ton, in confequence of his obligation, will it not (like Sir W 
4 pounds) 
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the work ever fuggefted to him by any perfon whatfoever during the courfe of the work 
or fince, till he heard of an oppofition to Mr. Errington’s bill for relie " 
obligation. 


But whether in reality Mr. Pickernell did this part of the work equal to the above 
reprefentation of it or not, that the % «Jing or falling of the bridge may not be wholly 
left to reft at Mr. Pickernell’s dors ~~ Smeaton, in juftice to Mr. Pickernell as well as 
himfelf, thinks it neceffary to declare, that for the reafons already affigned; (as well as 
the verification thereof during the courfe of the work, by every flood that happened) 

- fo great and abfolute was his dependence upon the application of Oakwood bank quarry 
‘rubble, as an ultimate defence to contreu! ve. | nce of the Tyne’s floods (no part of it 
laid round the coffer dam foundations, Hata., een moved); that provided the piles 
of the cafings were but driven into the ground, fo far as to fix faft therein, and fo clofe 
together, that though the cafes might not hold water, they might retain the gravel from 
being wafhed out through the chinks from under the piers 5 he had not the leaft doubt 
of preventing any material damage ever being done to the pile work, by the application 
of the faid rubble to furround them. This fentiment, however, though it diétated that 
part of his infirugtions, “ get the bays of fheet-piling at the welt end of the piers down to 
<« ten feet if you can, if you cannot, we mult be contented with lefs ;” and alfo made 
Mr. Smeaton contented with what was above reported to him, as the moft imperfect part 
of the performance ; yet he never communicated this opinion to Mr. Pickernell, or any 

“other perfon 5 Jef the workmen from hearing thereof, might be induced to fatisfy 
themfelyes with doing lefs than otherwife they might be capable of, in the way of getting 
them down as far as they could. 


Whether Mr. Smeaton’s opinion, concerning the fecurity of Oakwood bank quarry 
rubble, was well or ill-founded, will be further examined in the fequel ; but this is cer- 
tain, that the driving of the cafes not being completed before the middle of September, 

and being then very defirous to take advantage of the fecurity they afforded, to get the 
"piers underfet, if poffible, or otherwife fecured before the heayy winter floods came on, 
he concluded, that if the experience of thefé floods fhould fhew a need of greater ftrength 
andidefence, it might be added in the courfe of the next feafon. 


This autumn of 1778, in reality, afforded the experience of a confiderable number of 
floods, amongft which, the laft, which was of December 12, was a capital one, and the 
higheft that had been fince the great inundation of 17713; and the water on the welt or 


"up ftream fide of the bridge, was within ‘nine inches of the top of the impoft of the fecow 
" piet 


: 
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pier from the north, when at the eaft end it was one foot three inches below it, fo. that 
r ? : 3 2 
th was then no lefs than two feet three inches, and which would produce a yelocity 
e feven hundred feet per minute. 


After the wate was fubfided fo as to afford a full examination, Mr. Pickernell reported 
the effeé; viz. that there were but very fe. the rubble ftones remoyed from where 
they were thrown in round the foundatior what were moved, were from the welt 
fhoulders; but that from the third pier to the north, round which no ftones had been 
depofited, it had torn up the gravel from the falient point and weft fhoulders, to the depth 
of three feet; and that from thence to the {tones that were laid round the fecond pier, 
it had deepened the bed of the river * een inches, (which before was too fhallow) 5 
but as to all the other part of the he could not perceive it altered in the leaft. 

The experience therefore of thefe floods, and particularly that of the rath December, 
all concurred in proving, that the Oakwood bank quarry rubble was a fufficient defence 
againft every violence of the Tyne: fo that it did not appear neceflary to introduce any 
new mode of defence, but only to apply the rubble in the moft effectual manner ; and as 
the welt fhoulders appeared to be the parts that the greateft {trefs came upon, Mr. Smeaton 
ordered that the water might not meet with fo fudden an oppofition there, but be more 
evenly, flopingly, and gradually brought thereupon, that the welt falient points of the 
rubble fhould be éxtended weftward of the falient points of the cafes refpectively, to the 
length of at leaft thirty feet ; which was accordingly executed by Mr. Pickernell upon all 


the caiifon piers. 


athly, We come now to the fourth and laft queftion, viz. Whether under all the ex- 
perience and knowledge of the fubje& as it now ftands, the prefent bridge fhould be 
attempted to be reinftated, or a new one built at Hexham ? 


This quettion is indeed of far the moft material import ; for it is of little confequence 
to the public, in the prefent ftate of things, whether Mr. Smeaton misjudged of the fub- 
ject? Whether he was deceived himfelf, or was deceived by others? Or, whether 
Mr. Pickernell did or did not do his beft, towards a full execution of Mr. Smeaton’s 
orders, in regard to the driving the cafing piles? Nor is it of any confequence to ings 
that in point of art, but without any regard to, or limitation of expenfe, a bridge is 
poflible to be built: the, true quettion is, Is it fitting for the county to undertake it ? 
ffeffion of whatever fum can be recovered from Mr. Erring- 
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pounds) 
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ton, in confequence of his obligation, will it not (ike Si 
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pounds) be a temptation to the county to fpend fill much larger fums upon an unfruicful 
projea and it may reafonably be fuppofed, that the whole county ftock is not an unlimited 
fam; nor can it be properly expended in the ere@ion of a bridge at one finyle 
paffage. oie 


Tt is now known fora certainty, what was not, and could not have been known before 
the eredtion of this bridge, that there is a poflibility of natural caufes being fo combined, 
as to produce a flood fo large, and of fo fudden a nature, as to produce a velocity of the 
water exceeding one thoufand feet in a minute; and whether even this may, or 
may not, be the uttermoft limit of Nature, is not in the power of any man to cal- 
culates—= . 





That the velocity of feven hundred and twenty fect per minute, arifing from a difference 
of two feet three inches, as per flood of December 1778, was fufficient to tear up and 
remove the natural bed of gravel, which forms the bed of the river in this place, wherever 
there was a particular fet upon it, but was not cabable of moving or materially derang- 
ing the defences compofed of Oakwood quarry rubble. 


That the velocity of nine hundred and thirty feet, refulting froma difference of three 
feet nine inches, in a flood of the rft of December 1779, {till made not the leaft altera- 
tion im the defences, nor to any part of the bed of the river, fave that the rubble ftones 
depofited at the third pier where the current had torn up the natural gravel in the flood 
of December 1778, were now wrecked full and covered with gravel, and reduced to the 
level of the adjacent parts. Another flood fuccéeded this in the compafs of ten days, that 
rofe within eight inches as high as the former, but in this nothing happened of any kind ; 


_ in fhort, the bridge being now ereéted, as far as it was concerned with the water, all the 


arches cleared, and the defences completed, after a confiderable number of great floods, 
and nothing happening in céhfequence, every one feemed fo entirely fatisfied of the ftability 


of the bridge, that even the Gilligate people, Mr. Pickernell obferved, ceafed their vilits, 


who before had conftantly, after every flood, come to infpeét, in hopes of finding fome- 
thing correfpondent to their prayers and withes for the downfall of the bridge. 


_ Mr. Smeaton! was; however, agreeably furprifed on having this account, that the 
fall of water had been fo great, and no harm enfued; for had it been poflible for 
him to be apprifed of fuch a fall before hand, he never fhould have recommended 
to Mr. Errington to have undertaken to ere&t a bridge upon that bed of gravel. 





Tr 
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Tt thorefore at this time appears plain, that though the Oakwood bank rubble will lie 

efift a velocity of the water of nine hundred and thirty feet in a minute, yét it is ea~ 

being all removed and carried away by the velocity of the water of, or a little ex- 

stuig,.one thoufand feet per minute; a velocity refulting from a difference of forty-four, 

as it was or upwards in the flood of March 1782 ; and that the gravel bed itlelf is capable 

of being torn up by a much lefs degree of vel’; the queftion then is, How in fuch 
fituation.a foundation can be laid and effe€tus! ) secured ? 


Shall we attempt to build a wall acrofs the bottom of the river, according ‘to Mr. 
‘Wooler’s propofition? Experience has fhewn in the building of the laft bridge, that the 
gravel is of fo open a nature in the main ~sennel of the river, that it is impracticable to 
{ to put limits to the invention and ingenuity 
of men; but neither his obfervatio», -aperience, nor invention, has hitherto fuggefted any 
effectual method of founding fuch a wall, without draining off the water 5 and the fame 
will apply to the penning the bottom acrofs the river. 


drain off the water. Mr. Smeatos aT 


But for amoment, fuppofe the thing done: this wall or this apron, muft have a termina- 
tion; and wherever it terminates, experience fhews, a rapid current will forma deep hole, 
to twenty, or even thirty feet depth, and upwards; and if the gravel under the foundation 
gets loofe, the downfall of the whole is the confequence. 


adly, Suppofe we attempt to build it in an excavation upon piles encafed, as was done 
at Perth, the fame difficulty arifes; we cannot get out the water ; and if done, ‘as 
rubble will not lie to defend it, the gravel bed being fcooped out, beyond all praéti 
bility of driving piles, the piers being fapped, the fame unfortunate circumftance muft 


enfue. 


3dly, Suppofe we attempt it by excavation with ballaft lighters, andi@iive down piles 


even with the bottom of the excavation pits, to found the piers upon $ whieh may doubtlefs f 


be done, without taking off, or drainage of the water ; (till, if neither the bed of gravel 
itfelf, nor quarry rubble, is capable of refifting the violence of p depletes when the 
gravel bed is deftroyed or deranged, fo that the piles are laid bare, the pillars sal be fapped, 
and deftruétion equally enfue: nay, even fuppofe the piles could be encafed without fa 
ing off the water, yet this is only giving the river a little more work to do; for if rubble 
is carried away, as we find it muft be, it isno defence ; and we do not know the depth to 


which the gravel can be feooped out and excavated by the violence of this psise i 
1 
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the foundations therefore, however deep, can be ultimately fapped, and the fame ruin 
enfue. ¢ : 3 . 


In hort, turn ourfelyes which way we will, nothing feems certain in this bufinefs, 
but a very great expenfe, how commenfurate with the county’s funds, muft be left to 
thofe to judge of who know them: bur.this Mr. Smeaton will take upon himfelf to fay, 
that he fees no way of making foundations fora bridge to ftand upon, for the whole fum 
in which Mr. Errington ftands obligated to the county, that is likely to be attended with 
any certainty of permanency, much lefs alfo to build a bridge upon thofe foundations, for 
the fame Biss ais 


tage aig TRA ° 








THE following is a Copy of a Paper delivered at Northumberland Affizes 
1783; by Henry Errington, Efq., to Gawen Aynfley, Efq., Charman for 
the County of Northumberland, but which appears to have been originally 
intended to be delivered to the Grand Jury, which had been previoutly 
difcharged, as the Words Gentlemen and Magiftrates, in the Original, 


are fubftituted for Grand Jury. 


Mr. ERRINGTON’S contraé& with the Juftices of the Peace refpecting Hexham 
Bridge having placed him in avery difagreeable fituation, he, as well on his own account 
as on the part of the County, wifhes the Gentlemen and Magiftrates, now affembled, as a 
refpectable body of the County, would be pleafed to take the following fhort ftatement of 


‘fadts into their confideration. 


. Mr. Errington undertook to build the bridge according to a fpecific plan, under 


. the dire€tion of Mr. Smeaton, and to uphold, fupport, repair, maintain, rebuild, 


and keep it in good and fufficient repair for the term of feven years, to be com- 
puted from the time it fhould be certified under the hands of two juftices to be fo 


The bridge being completely finifhed according to fuch plan and dire€tion, was in 
January 1781, certified for. 
. The 


~ 
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The plan to which Mr. Erring' . 
E gton was confined, was not only a plan of the fuperftftic- 


ture, Sut alfo of the foundation, and of the manner in which fuch foundation was fo 
he laid. 


In March 1782, the bridge was thrown down, from which circumftance it is evident, 
that to rebuild itaccording to the fame plan would be ineffectual, and from the nature of 
the contraét, it isnot in the power of the contraéting parties to alter or vary it ; indeed, 
Mr. Smeaton, whofe direction Mr. Errington was bound to obey, fias declared that itis not 
in his power todevife a better. If therefore the County fhould infift on Mr. Errington’s 
rebuilding the bridge, a great portion of the feven years would expire before he could com- 
plete it; (two years and a half having already elapfed fince: the certificate)—and if by 
favourable feafons it fhould be capable of being upheld till the end of the feven years, he 
would then be difcharged from his obligation, and the burthen would fall upon the County; 
Mr. Errington in common with the land owners of the county in general, and by 
having an eftate in the vicinity of Hexham in particular, feels himfelf interefted in having 
a bridge built, which by an alteration in the mode of ftruéture may be attended with”a 
probability of being permanent, and he has been informed that other engineers lately con- 
fulted by the Juftices are of opinion that it is practicable ; he, therefore, conceives that it 
would be more advantageous to the County to accept from him fuch fum of money as fhall 
be eftimated equal to the expenfe of re pairing the bridge, and putting the fame into fucha 
fituation as his contract requires, and apply fuch fam together* with the materials, (which 
are of more than four times the value of thofe received by Mr. Errington from the County), 
towards building a new bridge according to fome other plan, than to require him to repair 





the old one upon the former erroneous principles. — And if the Gentlemen and 
Magiftrates fhould be of the fame opinion, Mr. Errington doubts not the Juftices will, 
as truftees for the public, readily adopt what fhall fo appear to be the fenfe of the 


County. 


# Value of materials received by Mr. Errington from the County, and acknowledged by him 2 
= 3000 


to be eftimated at - xi 





Which multiplied by 4 - = - - = 12,000, 





Which is 2gool. more than the penalty of Mr. Errington’s bond to the County, and many thoufands more 


than expended, 


» Vou. IIL Tt Mr. 
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Mr. MYLNE’s Second Report. 


Edinburgh, goth September 1783. 


= ih tae Magiftrates and Juftiers of Peace for the County of Northumberland, 
Ce GEC 
Gentlemen, 

A PAPER has been tranfmitted to me by Mr. Davidfon, Clerk of the Peace, which 
contains a propofition from Mr, Errington to pay a certain fum (to be fixed hereafter) in 
lieu of rebuilding Hexham Bridge ; and he psuelt sc, by directions of Mr. Aynfley, the 

: Chairman, to fend my full fentiments thereon, ic be aid before your meeting of the 8th 
O&tober next. 


As it will be convenient for me to attend you at the faid meeting, I apprehend it is not 
neceflary to fay much on this occafion ; other than {tating a few words on fome matters of 
fat, which require to be afcertained, before any one can judge with certainty and preci- 
fion. Another reafon requires me to be the more concile at prefent, as in the event of 
not agreeing with Mr, Errington, and the fubjeét being difeuffed at law, every, previous 
animadverfion would in that event be ill timed and premature. 


: ‘s ‘The ground work of the propofal, and the propriety of the reafoning which it contains, 
depend upon the following matters: 


ft, Tt lates that the agreement was to build according toa fpecific plan. 
adly, To do that under the direétion of Mr. Smeaton. 


i we ease, aclly; That it was completely finifhed according to fuch plan, and under fuch direc- 
© gat one And 

th te, 
Lally, That he was confined to fuch fpecific plan ; which was not only a plan of the 
Gure, but alfo of the foundation part ; and of the manner in which fuch founda- 
e laid. 







eae, On the firlk head, it will appear, that all the foundations were, by the plan annexed to 
the articles of ‘agreement, to have been laid full five feet below the water line, in mafonry 
or timber framed work; and the two abutments, and the two piers next the abut 


_ My : 4 ments, 
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ments, are propofed to be piled in fuch manner as fhall appear neceffary on opening ‘the 
groun |, 


In all other refpeéts whatfoeyer, cither as to the quantity or quality of the piling under 
thefe parts fo mentioned, and under any part of the other eight piers, or of any mariner 
whatfoever .of laying all or any of the foundations, the plan does not hold forth any 
fpecific manner of laying the foundation ; but on the other hand, leaves all thefe particu- 
Jars to the judgment and adoption of the contracting party. 


On the fecond head, the agreement entered into on the propofals of Mr. Errington and 
his agents, was certainly to put the whole under the direétion of Mr. Smeaton ; and the att 
of parliament which followed thereupon, confirms it to a certainty not to be fhaken. The 
reference thus to be held to the judgment of Mr. Smeaton, was in no points more: evidently 
neceffary than in the manner of laying the foundatjons, which were not {pecified at all, as 
well as'in many other things impoflible to be contained in drawings, written agreements, or 
in atts of parliament. But, in the unfortunate event of things, I conceive, the operation 
of Mr. Smeaton’s dire€lions in all matters not {pecified as above mentioned, he was led 
aftray, and that his direétions were not followed. Proceedings which were eafy in their 
nature, were followed up with a fatal rapidity, that laid the feeds of ruin; and the guard 
works, which were added, on after confideration, and the experience of the fhallownels of 
the foundations, were not executed confiftently with the correétnefs and good fenfe of his 
orders. 


His direétions I conceive to have been clear and fufficient if they had been fulfilled ; his 
candour will not allow him to fay thus much; a commendable regard to others engaged in 
the executive branch, fuppreffes what ought to be faid: but I who feel for the charaéter 
and reputation of fo great an artift, and every man fo peculiarly fituate as he is, mufl be 
permitted to fay, that the purport and effeét of his directions were not executed, and of 


courfe, that he was deceived. 


On the third head, it is neceffary to ftate that the foundations were not laid according 
to the plan, fo far as the fpecification thereof went. ‘To begin at the north end, the but- 
ment is not fo deep as fhewn by the drawing by two feet; the firft pier by three feet five 
inches, the fecond pier by two feet four inches, the third pier by bre feet eleyen inches, the 
fourth pier by feven inches, the fifth pier was ten inches more in depth us the plan, the 
fixth pier was in like manner eleven inches, the feventh es alfo fix inches the eighth 
pier is two feet fhort of its depth ; and the fouth butnent 1s two feet in like manner els 


i ht to be. 
than it ought Tt2 From 
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From this ftatement, founded on the beft evidence I could procure, the bridge was not 
built according to the defign agreed on where it could have been; and that the dir 
given were not followed literally and effectively. 


© Onthe laft head, I have fufficient’» ‘hewn that the fpecification of the plan did not con- 
fine the bridge in manner of laying —_feundations, nor in the fhape and extent of the 
works, Anything might have been dove under the agreement, which a more intimate 
knowledge of the bed of the river, and the experience of the works themfelves, gave, 
during the time of the execution: in fa@, it is fhewn, that the parts {pecified were altered 
and modified to fuit the manner adopted for the execution. 

eo ” ¥ 

_ The conclufion, therefore, naturally draws me i» end with faying, that no argument 
ean be reafonably built on the idea of being confined to a fpecific plan agreed for, or exe- 
cuted in thofe parts, to wit, the foundations, on which this queftion depends. And Iam 
theroughly convinced that if Mr. Smeaton, poffeffed as he is of fo much ftrength of judg. 
ment and variety of refources, were to view the work and examine its prefent ftate, with a 
view to its repair, he could with fatisfaction to himfelf undertake to reconftruct the bridge 
according to the agreement, with the fame expectancy of permanent durability as he had 
at fire fetting off with this undertaking. 


What remains to be faid will come better into the difcuffion which is propofed to be 
held ‘at your intended meeting ; until which time, I remain, 


Gentlemen, 
Your very humble and much obliged fervant, 
ROBERT MYLNE. 















Cae RVATIONS on Two Reports of Robert Mylne Efq. concerning 
Aga Hexham Bridge, by J. Smzaron, Civil Engineer. 


say THERE ate fo many points contained in the two reports of Mr. Mylne, of the 24th 
a Apal and the goth September 1783, in which I entirely differ with that gentleman in 
opinion, that to make: the proper obfervations upon the whole, would draw me out to a 
oe the prefent ftate of things I would with to avoid. I fhall therefore content » 
n myfelf 
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myfelf with obferving upon thofe that Tlook upon to be the foundation of that difference 

ion; and upon which the merits of the queftion feem principally to depends sf 

therefore pafs over the compliments that Mr. Mylne’s politenefs prompts him to pay 

me on this occafion; and particularly as they feem to be at my own expenfe. For the 
greater eafe of reference, I fhall apply to the printed copy of Mr. Mylne’s reports. 


Mr. MyIne fays, page sth, (298 of this volume) “ The exiftence of a fand below, anda 
« fuppofed hardnels and concretion of five feet, or any fuch mealure of the upper parts, 
« feem to have precipitately and fatally determined the plans of operation at firft fetting 
« out; and appear to me to be equally the caufe of the prefent precipitate opinion for 
« abandoning the work as impracticable,” 


He alfo fays, page 4,(298) “Mr *sicaton, than whom there is no perfon or artift better 
¢ inftruéted, more knowing, and of a more penetrating and correct judgment, mult have 
« been deceived in the colleétion of faéts and materials, on which he eftablifhed his plan. 


© of operations.” 


Now, ifin the follow ing detail it fhall appear that Mr.Smeaton made a proper colleclion 
of faéts whereon to judge; and did make a proper judgment thereon, fo far as at the 
time he was to form this judgment had come to light; then, Mr, Mylme’smetlections on 


this judgment muft appear unfounded, and will in courfe fall to the ground. 


Mr. Mylne acknowledges himfelf to have been made acquainted with the reafons and 
motives of Mr. Smeaton 5 for page 6th,(298) he fays, “I have feen and examined all Mr. 
«¢ Smeaton’s papers, I have heard all the particulars, and hiftory of his proceedings and 
« motives for the method of operations, which he adopted 2” and Mr. Mylne knows 
that this intelligence was from Mr. Smeaton himfelf, before Mr. Mylne went down te ex 
amine the works and perfons concerned, and employed in the detail of its execution + and that 
it was in this conference that Mr. Smeaton mentioned to him, that the ground ae 
reafon which influenced his judgment in not finking the piers of the bridge Hscpendaip 
the bed of the river was an eftablifhed opinion that the greateft part of the river 8 bed con- 
fifted of a gravel, very hard compacted together and difficult to penetrate at itseupper 
furface; but which diminifhes in compactnefs from the frites downwards 3 a that at 
it deviated into a fand, and ultimately into. a quickfand or 
ag alfo a fuppofed hardnefs and coneretion of 
Mr. Mylne explodes in the,terms already 
difference of opinion that {till 

fubfifts 


fome depth exceeding five feet, 
mud. The exiftence of fuch.a fand below, 
five feet, or any fuch mea/ure, of the upper Pan h 
quoted: but as herein refides the foundation of that entire 
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fublifts (betwixt Mr. Mylne and Mr, Smeaton, it feems proper now to examine the 
grounds whereon Mr. Smeaton eftablithed this opinion, and alfo the grounds whereor Mr 
Mylne explodes it; becaufe, if well founded, from what appeared at the time, it mult be 
admitted fufficient in reafon for Mr.Smeaton’s determining his plan of operations accord. 
ing tout, though, fince the fatal accident, any thing fhould appear to the contrary; and 
if on the other hand, from any thing thet.can be deduced from M. MyIne’s Operations, 
Mr. Smeaton’s original conclufions ftand uninvalidated ; then it muft appear, that Mr. 
Mylne muft have been drawn into a precipitate opinion, or, as he terms it, deceived. 


That Sir Walter Blackett built a bridge at Hexham, which not long after it was finifhed, 


was thrown down by the great flood in 1771, in one night, and the materials almoft totally 
difperfed, is an event too notorious for Mr. Smeaton to be deceived in. 


That the foundations of this bridge were let into the bed of the river, well founded 
Upon a great number of piles, and a platform upon the heads of them 12 inches thick, 
of folid balks judicioufly rabetted together, Mr. Smeaton could not be deceived in; 
haying been eye witnefs to many of the operations, 


‘That all the piers, arches, and one of the two abutments were totally deftroyed, and 
the whole length of one fide of one of the platforms raifed out of the water, half way 
between the horizontal line and the perpendicular; in this alfo Smeaton could not have 
‘been deceived, having feen it for feveral years together; and was expofed to the full 
view of every one that paffed by. 


From the above faéis, Mr. Smeaton inferred, that though the upper cruft was hard 


: gravel, yet amuch more foft and yielding material lay underneath it, otherwife the 


bottom, could not have been turned up in the manner mentioned, and that the foundations 
would have been more feeure, had they been laid upon the upper cruft without its being 
“broken, by excavating or driving piles: and which is evidently proved by the fubfequent 


- _ operations that now come in courfe to be mentioned. 


“That after this accident Sir Walter Blackett, chufing rather to forfeit the penalty of 
the bond*, in which he was obliged to uphold the bridge for feven years, than to attempt 
it again, the: magiltrates of the county employed Mr. Wooler, then an eminent engineer, 


to begin another bridge near the fame place: and that in confequence he built’ a land- 


S wits * Penalty 3ccol. 
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breaft on the north fide ; and many preparations being made, and every thing ready for 
» pier, upon the fame fides on digging the foundation put into the bed of the 
whole work was put a ftop to for fome reafon or other ; and in this Mr. Smeaton 
could not be deceived ; becaufe at that time he was often at Hexham, wa 





s well. acquainted 
with Mr. Wooler,,and faw the operations going on, and afterwards difcontinued + and it 
will be further proved by living evidence, that reafon for difcontinuing the work, 
was the /ofinc/s of the bottom of the founda... pit; and to afcertain whether this 
foftnefs was particular to that place, a pit within the folid bank was dug upon the oppofite 
fide of the river, in the bottom of which the fame foft ftratum prevailed ; and to this fome 
of the magiftrates were themfelves witneffes, as will alfo be proved: it can alfo be proved 
from a letter of the faid Mr. Wooler Jeceafed, that in his opinion a permanent 
bridge could not be eftablifoed her ut buildling a folid wall of fix. feet high, and 42 
broad, quite acrofs the river ; whi obferved was an expedient that has fucceeded 
where expen/e was not regarded. Vie further fays, “ that the attempting to fet a bridge 
« ypon fuch an enormous depth of quickfand, over a river fo fabject to floods as the 
«© Tyne, may be deemed fo hazardous as to be next to imprudence itfelf.” 


Mr. Smeaton therefore could not be deceived'as to the exiftence of a hard flratum of 
gravel at the top, with a quickfand under it, at either of the places jatt deferibed* : as 
Mr. Wooler’s operations fully prove what was the caufe of the failure of the firll bridge. 


Mr, Jonathan Pickernell, who was brought from London to be employed in this 
bufinefs under Mr. Wooler, and recommended by him, will further prove, that he was 
employed to bore the river, which he did in various places, and verbally reported to Mr. 
Smeaton, that wherever he had tried the river he conftantly found a quickfand to take 
place underneath the upper bed of gravel ; and that he had reported the fame to the clerk 


of the peace: 


In this Pickernell might have deceived Mr. Smeaton ; in his never having made fiich bor- 
ings, nor made fuch report : but Smeaton didnot reft it here; for in the Lig pee where 
he built the bridge, he tried the bottom of the river, not by boring, but by driving down a 
pointed iron bar, in various places acrofs the river, to the depth’of nine or ten feet, and con- 
ftantly found, that though the entry of the bar was in all places difficult, yet at every blow 
it went more and more ealy ; however at this depth the gravel felt fo tolerably compact as 


* N. Bs The Dwarf wall, the place recommended by Mr. Mylne, is near the original bridge. 


to 





















[ 328 J \ 


to bedeemed by him fafficient for fupporting abridge, provided the upper cruft was not 
broken by digging or piling; and provided, the weight upon each pier was not foo great 
which would be the coniequence of wide arches ; and as was the cafe with Sir Bette: 
Blackett’s bridge » the middle arch being 70 feet. 
os aie it 

Now, if in the concluifion I drew from thofe trials of the river’s bottom by the bar, I 
haye been deceived ; I deceived myfelf, 3 I was not beholden to the patience and ar 
verance of Mr. Pickernell only, for as I not only direéted but affifted in the operation 
myfelf I faw with my ow eyes, and felt with my own hands, 


on are ‘the fats on which Mr. Smeaton built his plan of operations, which fads, if 

_ hallenges M /Myine to fhew, that’ the methods he grounded them on, were 

not the moft likely, as far as was then knoxwn, to producea permanent bridge,that if, at all 
muft be'ereéted at fuch a moderate expenfe as the county of Northumberland was likely 

“to vvaife: for to build a folid wall acrofs the river whereon to fet it, he judged with Mr. 
Wooler to be improper, except where expen? was not to be regarded. 











e- =, 
Let ‘us now fee what Mr, Mylne has on the other hand eftablifhed to invalidate thefe 
fads. He fays, page 3d, (297) “« T have bored the river at the bridge to the depth of 23 feet 
© below the latter water level, ina place where I might not be led aftray by any altera- 
tion formed by the faid flood in its milder velocity; and I have found under the 


“ teftimony and petfeverance of Mr. Wake, that the foil and texture of the bed of the 


“4 river at this place is uniformly a compofition or congeries of roundifh and flat tones, 
Sa gravel and fand, of equal quality, and’ eonfiftence in the whole of that depth.” 


Mr, Mylne then caufed a hole to be bored to the depth of 23 feet into a bed of gravel: 
“but was this the only hole? Mr. Mylne makes no mention of any other. Where did he 
pore it? Mr. Mylne does not fay ; but contents himfelf with telling us, he did not bore it in 
a place where the gravel was liable to be difturbed by the impetuofity of the river. But 
does Mr. Mylne think this was fufficient to determine what the foil and texture of that 
part, of the bed of the river was which was liable to be fo difturbed? Mr. Mylne fays, 
pageath, (297) that the bed of the river « though hard to the touch of boring, and compact 
< , and feeling of inftruments, is wonderfully loofe, and unconneéted in its 
mu ch; that the bed of the river Tyne feems to fhift and alter its form, extent, 
© and fituation with every flood more or lefs; and tearing up at one time to a great 
/ depth that fair ‘moulded and well-laid hollow, which the ftream had laid for itfelf 





“ 


*¢ upon 
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“ upon fome former occafion.”” This was not the part, therefore, that Mm Mylne 
chofe-o examine otherwife than in his mind’s eye} he chofe a place not fo liable to 
alter, although the greateft part of the bridge, and particularly that part that firft gave 
way, was founded, and obliged to be founded, upon this fair moulded and well laid hollow 
which the ftream had /aid for itfelf upon fome former occafion, Now Mr. Smeaton tind 
be deceived in this, that it was in this very part where he drove down his bar: it was 
in the deepeft part of the river; and all his trials were made in a doat, though the 
river Wwas then in its low ftate. Whereas it will be proved in evidence, that the part 
where Mr. Wake bored was upon a dry gravel bed, nearly abreafl of the place where 
Mr. Smeaton put down his fecond coffer dam pier: and where the foundation was 
a€tually funk into the bed of the river, as deep as it poflibly could be for water* ; in 
confidence that the gravel bed there was quite as deep as Mr, Wake’s boring has fince 
proved it to be. The fact was, that Mr. Smeaton’s original plan and propofition” was 


“to build the land-breaft and one pier, on each fide, with coffer dams, finking the 


foundation thereof into the bed of gravel, piling underneath and round thefe works, 
to as great a depth as fhould appear neceflary on opening the ground ; and which accord. 
ingly were done: but finding, on founding the north land-breaft, and alfo the north 
pier, that the gravel bed extended {till further into the bed of the river than was at 
firft expected, he direéted the fecond pier (oppofite which Mr. Wake bored), to be 
laid in the fame way ; leaving then only five of the eight piers to be built in the fair 
moulded hollow to be fubject to, the va/? powers of the floods of this rivers and this he 
was under a neceflity of doing, as he found it impracticable to. drain off the water fo. 
as properly to eftablifh the piers upon a foundation of piling: judging it, therefore, the 
fafeft expedient to preferve the upper furface whole, which he found by far the hardeft, 
and to found the reft of the piers by caiffons upon the bottom of the river, defending 
the bafis thereof by fuch outworks as then were in contemplation. 


How, therefore, it happens that becaufe at the place where Mv Wake bored “ the 
« foil and texture of the bed of the river is uniformly a compofition or congeries of 
« youndifh and. flat ftones, gravel, and fand, of equal quality and confiftency through- 
out the whole of that depth;”’ it is and mult be fo everywhere elfe, as well where 
he did nof bore, as where he did! or how Mr. Mylne becomes entitled to report that 
Mr. Smeaton’s inveftigation of a fand (or foft matter) below, and a greater hardnefs or 
concretion of the matter above, as appeared to Mr. Smeaton, from driving the bar as 
already deferibed, is: an unfounded idea, Mr, Smeaton cannot fee to arife otherwife 


* It rofe fo plentifully from the bottom @s to employ near 40 men at the pumps: 


Vox. Ill. Uu than 


* 
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to be deemed by him fufficient for fupporting.a bridge, provided the upper cruft was not 
broken by digging or piling; and provided, the weight upon each pier was not /09 great, 
which would be the confequence of wide arches ;-and as was the cafe with Sir \ alter 
Blackett’s bridge » the middle arch being 7o feet. 


Now, if So the conclifion I drew from thofe trials of the river’s bottom by the bar, I 
have been deceived; I deceived myfelf, 3 I was not beholden to the patience and per/e- 
wrance of Mr. Pickernell only, for as I not only direéted but affifted in the operation 
myfelf, I faw with my ow eyes, and felt with my own hands, 


§ aon faSts on which Mr. Smeaton built his plan of operations, which fadts, if 
valid, he € pallenges Mir. Mylne to fhew, that the methods he grounded them on, were 
not the molt likely, as far as was then known, to producea permanent bridge,that if, at all, 
mutt be eretted at fuch a moderate expenfe as the county of Northumberland was likely 
“to raife: for to builda folid wall acrofs the river whereon to fet it, he judged with Mr. 
Wooler to be improper, except where expen/e was not to be regarded. 


Ter us now. fee what Mr. Mylne has on the other hand eftablifhed to invalidate thefe 


: * faats. He fays, page 3d, (297) “ Ihave bored the river at the bridge to the depth of 23 feet 


« below the latter water level, ina place where I might not be led aftray by any altcra- 
« tion formed by the faid flood in its milder velocity; and I have found under the 
=i ght teftimony and perfeverance of Mr. Wake, that the foil and texture of the bed of the 
~ & river at this place is uniformly a compofition or congeries of roundifh and flat {tones, 








gravel and fanc!, of equal quality and confiftence in the whole of that depth.” 


Mr. Mylne then caufed a hole to be bored to the depth of 23 feet into a bed of gravel : 
but was thisthe only hole? Mr, Mylne makes no mention of any other. Where did he 
pore it? Mr. Mylne does not fay ; but contents himfelf with telling us, he did not bore it in 
a place where the gravel was liable to be difturbed by the impetuofity of the river. But 


__ does Mr. Mylne think this was fufficient to determine what the foil and texture of that 


- part, of the bed of the river was which was liable to be fo difturbed? Mr. Mylne fays, 
eth, (297) that the bed of the river * though hard to the touch of boring, and compact 

« to the eyey/and feeling of inftruments, is wonderfully loofe, and unconneéted in its 
o afomuch that the bed of the river Tyne feems to fhift and alter its form, extent, 
“ and fituation with every flood more or lefs; and tearing up at one time to a great 
“ depth that fair moulded and well-laid hollow, which the ftream had laid for itfelf 
© upon 
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* upon fome former occafion.”” This was not the part, therefore, that Mis Mylne 
chofe.o examine otherwife than in his mind’s eye} he chofe a place not fo liable to 
alter, although the greateft part of the bridge, and particularly that part that firft gave 
way, was founded, and obliged.to be founded, upon this fair moulded and well laid Baile 
which the ftream had /aid for itfelf upon ome former occafion, Now Mr. Smeaton Bind 
be deceived in this, that it was in this very part where he drove down his bar: it was 
in the deepeft part of the river; and all his trials were made in a Ocat, though the 
river ‘was then in its low ftate. Whereas it will be proved in evidence, that the part 
where Mr. Wake bored was upon a dry gravel bed, nearly abreafl of the place where 
Mr. Smeaton put down his fecond coffer dam pier: and where the foundation” was 
a€tually funk into the bed of the river, as deep as it poffibly could be for water® ; im 
confidence that the gravel bed there was quite as deep as Mr. Wake’s boring has fince 
proved it to be. The fact was, that Mr. Smeaton’s original plan and propofition’ was 


“to build the land-breaft and one pier, on each fide, with coffer’ dams; finking the 


foundation thereof into the bed of grayel, piling underneath and round thefe works, 
to as great a depth as fhould appear neceffary on opening the ground; and which accord- 
ingly were done: but finding, on founding the north land-breaft, and alfo the north 
pier, that the gravel bed extended {till further into the bed of the river than was at 
firft expeéted, he direéted the fecond pier (oppofite which Mr.Wake bored), to be 
leaving then only five of the eightypiers) to be built in the fair 
moulded hollow to be fubjeét to the va/? posers of the floods of this rivers and this he 
was under a neceflity of doing, as he found it impracticable to drain off the water fo, 
as properly to eftablith the piers upon a foundation of piling: judging it, therefore, the 
fafeft expedient to preferve the upper farface whole, which he found by far the hardelt, 
and to found the reft of the piers by caiffons upon the bottom of the river, defending 
the bafis thereof by fuch outworks as then were in contemplation. t 


Jaid in the fame way ; 


How, therefore, it happens that becaufe at the place where Mr, Wake bored the 
« foil and texture of the bed of the river is uniformly a compofition or congeries of 
« youndifh and flat ftones, gravel, and fand, of equal quality and confiftency through- 
out the whole of that depth;” it is and mutt be fo everywhere elle, as well where 
he did of bore, as where he did! or how Mr. Mylne becomes entitled to report that 
Mr. Smeaton’s inveftigation of a fand (or foft matter) below, and a greater hardnefs or 
concretion of the matter above; as appeared to Mr. Smeaton, from driving the bar as 
already deferibed, is) an unfounded idea, Mr,Smeaton cannot fee to arife otherwile 


* It rofe fo plentifully from the bottom as to employ near 40 men at the pumps: 


Wen than 
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than from an intuitive knowledge in Mr. Mylne that Mr. Smeaton does not pretend 
to: inafmuch as that Mr, Mylne does not adduce the trial of any experimen| 
from whence that inference can fairly be made. 


Mr. Smeaton, therefore, refers it te any impartial perfon who fhall perufe Mr. My!ne’s 
reports referred to, and thefe obferys%<%5 upon them, whether it is Mr. Smeaton that 
has been deceived in the colleétion of facts and materials on which he eftablifhed his 
plan of operations ; or that Mr, Mylne, after hearing every thing that Mr. Smeaton 
had to offer, has undertaken to judge of works in a condition from whence their original 
flate cannot now properly be judged of; and by examining many perfons concerned and 
employed in the detail of its execution; and relying on thofe whofe judgments were 
incompetent to the bufinefS; that Mr. Mylne himielf, in the forming of thefe reports, 
jias been deceived and drawn into a precipitate opinion. 








J fhall now conclude with obferving, that had Sir Walter Blackett’s bridge fallen in 
e day-time, when it could have been obferved that the rapidity of the ftream formed 
. fi ‘of five feet, or even half of it, I never would have advifed either Mr. Erring- 
¢ n of the county to have fet about the erection of another bridge at Hexham, either 
upon piles, or in any other method, unlefs the fum of money to be expended upon it 
unlimited. This fingle faét would therefore, in the prefent cafe, have deterred 
from’ propofing the building at all, neither was, nor in its own nature 
till the flood that proved the fudden deftruétion of the laft bridge; 
“the leaft damage, withftood a flood when the fall was three feet 
ience whereof the water would acquire a velocity of about goo 











_ And now, ing of thefe fadts by the fatal deftruétion of this work alfo, he is 
unwilling to injure his reputation by the difappointment of others, in attempting to erett 
“GS bridge at Hexham upon a limited fum: that poft of honor he leaves to be 
by fome more hardy or fortunate adventurer, remembering that a burnt 
; the fire. 







j opherwife determined ; and if not, this cafe 
common law, that is, reafon and natural juftice. Mr 
“7 f 





Eagar] 


To Mr. Donkin. 
Say, Aufthorpe 7th Feb. 1784. 
As { heard nothing for fo long after the feflions, I flattered myfelf that Mr. Erring- 
ton’s offer had been accepted. 2 


It is, as you obferved, now reduced to this, that Mr. Errington muft either rebuild or 
acquit himfelf by law; buvit is well worth very ferioufly weighing, whether, to avoid 
the difagreeable uncertainty of a law-fuit by rebuilding, Mr. Errington will not as 
certainly incur the difagreeablenefs of both rebuilding and a law-fuit into the bargain ; 
for it appears to me, from the temper and difpofition of his opponents, that they will 
difpute every ftep that he takes, and if they {o conceive it not to be /rridfly done in cons 
formity with the contraét, he will he equally liable to be harafled by an aétion for 
non-conformity in part, as for non-conformity in the whole. Let us now, therefore, 
review the ground on which he will ftand upon each of thefe points. 


If he lets the matter go to a jury upon a non-compliance to rebuild, I with Mr. Erring- 
ton would be advifed by the moft able genius in the law upon tie point; as to me, it 
very ftrongly appears, that were Ia juryman in the caule, I never could confent to a 
greater fum in damages to the county (notwithftanding the penalty), than the fum he 
adtually received from the county, becaufe, as it will undoubtedly appear fufficiently in 
evidence, that for the purpofe of reinflating the bridge; the materials now upon the 
place and in their place, are of confiderably more value than thofe Mr, Errington 
received from the county, notwithftanding their valuation ; and if it be true that the 
law of England is founded in reafon, which the law-men ftrongly contend, that is, in 
natural juftice, it never can be conformable to either juftice or reafon, that afum in 
damage fhould be given to the county beyond the fum in which the county is ‘really 
damnified; becaufe in that cafe the penalty of the bond would be made to operate as a 
punifhment upon a perfon who has honeftly endeavoured to fulfill his contraét, and who 
in fa has once fulfilled it to the full content of the other contraCting party, and becomes _ 
for no other reafon but becaufe he has been fo unfortunate as 


obnoxious to a penalty ok, 
ed by an act of Providence, which no human forefight could © 


to have his work deftroy 
inveftigate or guard again{t *. 


* In othercafes the law does not extend the penalty beyond the damage fultained, for in the cafe of the 
common obligation for money, borrowed, though the penalty is for double the fum, yet no more 13 recovered ; 
than the fum borrowed and intereft. ‘And why fo? Becaufe it would be contrary to reafon and natural juftice 3 
to make a man pay more than he borrowed, merely becaule he failed in doing it at the day. AndI am very 
be found a determined cafe Airialy parallel to the prefent, where it has been 


apprehenfive, that there will not 
eae being anew one, mult fland upon the nataral ground of the 


Uu2 











ahh: 





Gace | 
Mr. Mylne may talk of the works not having been founded deep enough, ond thor i+ 


is uniformly a found gravel, becaufe he found it fo on a trial in a place whe 

that had a knowledge of the fituation would have doubted it; but though for argum 
fake, it fhould be admitted for the pre/ent, that the gravel was equally Biisae, to ‘s 
unfathomable depth quite acro/s the river, as in the place where he bored, yet we ttre 


now the authority of Mr. Mylne to “= 


“ 


“ 


tii this gravel, though “ hard to the touch of 
boring, compaét to the eye and feeling of inftruments, is wonderfully loofe and 
unconneéted in its parts.”” —If fo, is certainly unable to refift the violence of the 


floods of the Tyne, which Mr. Mylne very emphatically confirms further, by adding 


infomuch that the bed of the river Tyne feems to fhift and alter its form, extent 
and fituation with every flood, more ox*lefs, and tearing up at one time toa Mh. 
depth that fair molded and well-laid hollow that the ftream laid for itfelf on fome 


« former occafion.”” Now this being fo, to what purpofe to drive piles into a body of 
gravel, if that body is itfelf liable to be taken away, into which the piles are driven? 
It is neceflary then that this body of gravel fhould be prevented from moving by the 
depofition of fome matter more compact than the gravel itfelf, to be able to refift the 
violence of the floods, and protect the ground underneath. 


This was indeed done by the depofition of rubble {tones from Oakwood bank quarry 
2 


which depofition of rubble is not only in general the moft effectual method my expe 
‘rience has furnifhed, of protecting a gravel foil from the wafh of a violent current bat 
I efteem the rubble of Oakwood bank quarry of the beft quality for this pur ae that 
J have feen. The works were amply guarded with this ftone; and fo faticfachor fo 
that I did not think any flood of the Tyne would or could have moved them Pind 
T thought them {till the more fecure after haying refifted the velocity of 900 fees er: 
minute, without the leaft derangement, but on the contrary, rendered the whole oan 
eyen and compatted by the interftices being filled up fmooth and even with gravel 
and matter of a leffer fize. Had this defence of Oakwood bank quarry rubble laid 





3 4. there mes nothing perifhable in, the bridge to be any caufe of decay; but a flood 
comes fo rapid and fudden that its velocity, amounting to 1000 feet per minute, was 


* fufficient to move the defence of the Oakwood rubble, and fo even and equally was it 


diftributed that, the failure of all the parts dependent thereon was in a manner 


together. — 





Mr. Mylne entertains an idea, that if our works had been founded deeper they would 


have fared leche) and fo far I agree with him in opinion, that had they been as deep 
again, they might have ftood an hour longer: but when we know that the river I'yne 


1s 


eae I 


fua33) 2.) 


is capable on every flood, more or lefs, of tearing up that fair moulded hollow (1 fuppofe 

wns the channel of the river) to a great depth, it perhaps may be very difficult to 
aicertain what depth will be out of the reach of its a€tion; nor is this difficulty ren- 
dered the lefs by his fhifting the refolution of this very difficult queftion from himfelf 
to us. 1 know a part of this river where the water has gulled away its bed (as well as 
J remember it, on meafure) to the depth of ot below the low ftate of the water’s 
furface. 


I have thought it proper to fay thus much by way of obviating thofe hints and 
furmifes which tend to make it feem as if -y-ry thing had not been done that could be 


done in the fituation. 


I come now to confider what g» und Mr. Errington #tands upon in cafe of rebuild- 
ing; and here it ftrikes me, that not only Mr. Mylne, but every one elfe alfo, has 
confidered this matter in the fame light as if it had never been done, that is, confidering 
how Mr. Errington was to acquit himfelf of the whole agreement: whereas the bridge 
has been built complete, and to the entire fatisfation of all the contraéting parties, 
according to the agreement, and fo certified by two magiftrates as therein appointed 
had, therefore, the laft covenant been omitted, which obliges Mr. Errington to maintain 
and uphold for feven years after the magiltrates’ certificate, he would moft certainly have 
ftood acquitted as having fully performed his contrac. It would, therefore, fem to 
me, that what remains obligatory in the contra& is what remains fo in force of the laft 
claufe, and it would further feem to me, that in an unfortunate cafe, like ite prefent, 
where the thing has once been fatisfaétorily done, that a liberality of conftru&tion of this 
laft claufe cannot be extended in disfavor of Mr. Errington, but rather, as far as the 
nature of the thing will yeafonably admit, in’ his favour. : 


I fhould therefore with that the following queries were fubmitted to fome genius in 


the law. 


ding and unhurt, whether, if more 


a lerable part of the bridge is left {tan 
Ta dis of con this may not be placed under the 


urable in point of conftruction to Mr. Errington, 


favo not 
epair in contradiftin&tion to that of rebuilding ? 


idea of an obligation to r 


the contraét uphold, Support, repair, maintain, and keep in 


Whether th ds of * 
aly, nee eee will oblige Mr. Errington to make the bridge 


good and. fubftantial repair the faid bridge, 
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exactly what it was before, or ftriétly conformable to the defign annexed to the contract, 
and to which it refers, notwithftanding that from the nature of the accident} the 
ground of the fite is fo altered that an exa¢t refticution is now impraéticable ? 


3dly, Whether Mr. Errington (having once acquitted himfelf in point of fatisfactory 
conftruétion) is obliged (further than_he may think neceflary for his own fecurity) to 
make any additional defences, or to bemat greater expenfes in rendering the foun. 
dation more fecure than it was before, but may do the work in the fame way it was 
before, where that can be done; and where change of circumftances has rendered 
that impraéticable, in any other equivalent way, in the judgment of Mr. Smeaton, 
to whom the whole matter by the agreement has been referred, and confirmed by act of 
parliament ? ; 


4thly, Whether Mr. Errington*may not, for his own fecurity, take any other method of 
rebuilding any of the particular parts deranged, that from change of circum{tances fhall 
be, in the judgment of Mr.Smeaton, more likely than the former to render the work 
permanent ? 


sthly, Whether the words good and /ufficient repair are not qualifying words which 
will enable Mr. Errington to make ufe of the old materials in the places where they are 
now at reft though not in the fame pofition in which they were originally built; info- 
much that had the flood turned fome of the pillars topfy turvy, whether they may not be 
made ufé of in part of the re-ereétion, provided that, in the judgment of Mr. Smeaton, 
they are or can be rendered as fecure as in the original conftruction; though in point of 
pofition they will not be ftriétly conformable to the original defign referred to, but will 
be made as fafe and effectual for the ufe of His Majefty’s fubjects as a bridge, as if every 
thing were reftored to what it was at firft? 


6thly, Whether, in virtue of the Words < good and effeétual repair,” Mr. Errington 


may not in this repair omit every expenfe that is merely ornamental, in cafe he fo 
chufes ? 


7thly, As the rifk of the bridge’s fanding after the repair, lies with Mr. Errington 
for a certain term,, in which, if it fhould fail, he will be obliged to repair foties quoties, 
whether in cafe he again employs Mr. Smeaton, and Mr. Smeaton will again engage in 
the concern, whofe judgment, by the agreement, is made the dernier refort, whether this 
will not bar all interference and controul of the magiftrates as to the modes to be purfued 
of repair and re-ereétion of the particular parts that require it ? 


Sthly, 


ee 


Whether the certificate of the magiftrates, and the acquiefcence of the whole 
bo paying Mr. Errington the laft payment due on fuch certificate, be not a full bar 
to tl agiftrates to any cavil that may be raifed now, whether Mr, Errington fulfilled 
his contract in the ereétion, which, in reality, he did to the fulleft extent, in the judgment 
of Mr. Smeaton, and which nobody thought of controverting till after the fatal difafter 
had happened ? 


gthly, Whether the time that has lapfed by the procefs of a treaty of compofition, which 
the magiftrates have admitted from Mr. Errington, and to which they have never given 
a final anfwer till the Chriftmas quarter feffions held in January 1784; be not to be 
reckoned in part of the feven years £ 1e time of the certificate, which was at the 
fame time three years before ? 


rothly, Whether if Mr. Errington, affifted by the judgment of Mr. Smeaton, repair the 
bridge fo as to bein every refpeét as effectual for ufe, and as fufficient in point of fability, 
as the bridge was before the accident, and is fo maintained by him to the end of the term 
to which he is obligated, he will not then be legally difcharged from the penalty of the 
obligation into which he entered ? 


I beg leave, before I conclude, to declare once more, that, though I neverthoughtita 
difficulty to reinftate the bridge upon a principlejof permanency equal to what it was at 
firft, yet from, the experience of this accident I do not know of any method at any: ex- 
penfe within the bounds of Mr. Exrington’s obligation to sein tate it, fo that it ge my 
opinion, have the fame profpect of permanency that I thought it had before the accident 5 
yet fuch a principle of ftability.as it had before the accident may enable “bse ftand 
longer than the lifetime of any man in being, or it may be thrown down again the next® 
year ; for as it is out of my power to calculate the uttermoft powers: that Nature can 
collect, fo it is out of my power to fay what will abfolutely {tand againft every poflible 


violence. 


Before the accident I thought this bridge had this permanent kind of fecurity. 5 in 
this, the accident has convinced me that I was miftaken, and that I may be fo cai but 
this I do apprehend, that had there been but one fingle Bony more between q : pi 
fall of the {now and rain in the night and the flood’s acquiring its greateft vio ae 
the middle of the next day,,it would in that time BAe fo. Gilled ues reaches of the 
river below the bridge, as to have moderated its rapidity in pafling the bridge from 1090 


j i { i is inftant, and 
to goo feet per minute; fo that the bridge would haye been ftanding at this inftant, “4 
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all thofe concérned in its ereétion receiving the praife that the public was pleafed to 
attribute to them for fo noble an erettion, inftead of the difgrace’ attending the being 
unfuccefsful generals. , 
I remain, Sir, 

Your moft humble fervant, 


= “= J, SMEATON. 








A DISSERTATION upon the peculiar Hardfhip of the Cafe of Henry 
Brrincron, Efq. in regard to his Bond for the Maintenance of Hexham 
Bridge for Seven Years. 


« GIVE me my Bond,” fays Shylock ; “ I will have my Bond.” This, though an 
ancient legendary tale, has been feized upon by that immortal genius Shakefpear, and 
wrought up in a ftriking degree, to fhew to what manifeft injuftice human laws are capable 
of, in particular inftances, when carried to a rigorous execution in thofe cafes to which, as 
unforefeen, they never have been intended to be applied. Had the laws of Venice been 
rigidly carried into execution in the prefent cafe, they would have been looked upon with 
abhorrence by all fucceeding ages ; but in the way it was determined, we cannot le/s ad- 
mire the ingenuity of the pleader, in finding out a circumftance by which the keen edge 
of the law was taken off, and ftri& and equal natural juftice rendered to all the parties, than 
the renowned decifion of Solomon between the two harlots; or the celebrated decifion of 
Sancho Pancha between the cook and the defendant. 


What, in this cafe, do the magiltrates of the county of Northumberland purfue Mr. Er- 
rington in an Englifh court of juftice to obtain? Why, to obtain the payment of goool. 
from a perfon who never received from them more than s7ool. Do the magiftrates then 
mean to make moncy of Mr. Errington for the benefit of the county’s purfe, merely becaule 
they haye caugh thim upon the hip? No ; their own honour, jointly as well as feverally, 
will not prompt them to avow this. Nos they fay that they fue Mr. Errington for the 
penalty of the bond of go0ol. to force him to re-ereét the bridge, and maintain it for feven 
years in the terms of the contra&t. But fuppofing Mr. Errington to pay the goool., will any 
man undertake to ereét a bridge for that fum, to maintain it forfeven years, giving a bond 
for the performance, of goool.? (It fhould be 11,000. to be a ftrict parallel), without 

2 which 


ta vag 
which they will not ftand upon the ground MraErrington does, nor the county be any bet. 
ter affured of their having a bridge. Certainly no man will, unlefs he is rede or in no 
degree inftruéted by the leffon the late fatal eriment has taught. Why then, what 
) ; thumberland,, taking advantage of a par- 
ticular turn of the law of this kingdém, mean to force a fum out of the pocket of 
Mr. Errington that he never received, in order to put it into the county’s purle, to enable 
the county, by a further addition of their own, to lay out a fum of money upon a further 


and more extenfive experiment, far greater than Mr. Errington’s contrat was to 
receive. 






is the refult, but that the magiftrates of } 


« But,” fays Shylock, “ it was your bufinefs to have confidered the confequences before 
you entered upon the bond, You executed the bond with your eyes open, and you muft 
pay the penalty,” 


But did Mr. Errington enter into this bond with his eyes open ? Why, no; he cer- 
tainly did not. Were any other perfon now to enter into a fimilar bond, it may be faid, 
that he really and truly enters upon it with his eyes open; that is to fay, with the ne- 
ceffary. degree of information to give him fome idea of the extent of the difficulties and 
hazard that were likely to attend it. ‘The late erection may be confidered as a proper 
experiment to prove the degree of rapidity and violence that. the riven Pyne is fubject 
to fo high up in its courfe as the pants oppofite to Hexham ; but, previous to 
this, there was nothing to furnifh an adequate idea, much lefs a pofitive proof, of 
the degree of violence of which this river is at times, under certain circumftances, 
capable. 


A bridge new built oppofite Hexham, at the upper or weftern end of the town, ofa 
conftruétion fomewhat fimilar, though (according to the doétrine of fome) more fecure, 
as having piles and ftrong platforms under all the piers, in the compafs of a fingle night, 
in the inundation that happened in Nov. 17715, was totally taken down and deftrayed, 
nothing remaining the next morning but the north abutment. Ths will naturally fug- 
geft great violence in the river, or great weaknefs in the con{truction of the bridge; but 
to which the cataftrophe was principally to be attributed, does not pafitively appear : for 
the bridge being apparently right at darkening; and totally demolifhed at break of day 
the next morning, nobody happened to be witnels of its deftruétion, or of the fall. tbat 
the water had in pafling the bridge from the up ftream fide to the down ftream fide there- 
of. All that could be feen next morning (the water being thena good deal fubfided) 
was, that from the marks it had left it had been yery uncommonly. high, and that it had 
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not only taken the fouth abutment clean away but widened that fide of the “+ Sy 
60 or 7o feet 5 all which indicate marks of great rapidity and violence, but w/a \¢ ree 
of it by no means| appears + for if the water had rofe to the fame height, and bec bee 
flagnant like a mill pond or tide river at high water, no degree of height or depth of water 
ought to hurt a bridge that is exprefsly built not to take any damage from mere wet ; 
nor did any thing appear by which « “il even of two feet could be inferred: its failure 
therefore muft appear to be owing not fo much to the weaknefs of the conftruéted matter 
of the bridge as to the weaknefs of the ftratum whereon it was founded. 


The height of the flood that occafioned the demolition of the laft bridge, was in the 
middle of the day and the beginning and progue!s of its fall witneffed by many perfons ; 
and before any derangement had happened, it hud Seen remarked what member of the 
bridge the water was even with on the up ftream fide, and what member from the down 
ftream fide; which from its known dimenfions, amounted to near upon five feet of differ- 
ence of level; fo that the water came down in this flood ‘with fo much rapidity and fud- 
dennefp, that not being able to fill the reaches of the river and yallies below fo faft as it 
¢ down, it formed there a brea/t of the aftonifhing height or fall of near five feet 
endicular : and from a fall of lefs than five feet, that is, of four feet five inches, 
: - there neceffarily refults a rapidity of the torrent, amounting to one thoufand feet ina 
~~ minute; a quantity of fall and rapidity, that could it have been known from the deftruction 
former bridge, or even had there been found a fall of half this quantity, Mr. Smea- 
e upon him to fay, it would have deterred him from encouraging Mr. Erring- 
have had any thing to do with undertaking the propofed bridge: fo that it may 






ton to 


fairly faid, that neither Mr. Errington, nor any of his advifers, either had or could have 
that degree of information as to warrant its being faid, that Mr. Errington executed the 
‘bond with his eye open: but any one now that enters upon a fimilar obligation muft 
enter into it with his eyes open; becaufe from the late fatal experiment, he will know this 
* capital and Jeading maxim,—that by the fudden melting of fnow, accompanied with 


Lise 


violent downfall of rain, pouring from the fteep fides of thofe hills extending to the very 
of two Jarge rivers that join a little above Hexham, there is a capability of the 
ng down with that fudden violence, as that in the fituation of the late bridge, 
is capable of forming a brealt of near five feet, and confequently, of aéting 
n rapidity of at lealt a thouland feet per minute; and knowing this for a cer- 
from the fame experience, that this velocity is capaple, not only of 

of the river, but of ving all fuch rough materials of ftone as may 

fe 
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Whoever will therefore now undertake to build a permanent bridge. {t be i 
with {uch a defign as not only will be proof againft all the violence Rs a peer: 
isn already afcertained and defcribed, but, as it cannot be known for a ae ne 
violence already experienced is the uttermoft that Nature is capable of, cigell a is 
ought to be ftill more firmly fortified on that account, to refift fuch Figifher : er 2 
may poflibly happen: all which, in Mr. Smeaton’s judgment, cannot “i ome 
to be done for a much larger fum than the penalty of Mr. Errington’s al 
much lefs for the fum of money and value in materials, that Mr. Teengian aéwually 
received, * 


Had Mr. Errington drawn the magiftrates of Northumberland into the fcheme and 
idea of building a bridge at Hexham, merely to ferve his own purpofes, and after a very 
confiderable expenfe to the county, it had ended in the ill-fated cataftrophe that has 
happened ; had Mr, Errington had a view to make a profit of this bufinefs; had he been 
fparing of any apparently neceffary expente for the accomplifhment thereof; hadifie let it by 
the great, to be executed by under workmen, and thereby eafed himfelf of the trouble and 
attention neceffary to fuch a work, and withal put a round fumof money into his own pockets 
had he employed incompetent artifts to direct and fuperintend the work, or advifed with 
fuch, as to the practicability and mode of accomplifhing it, who were not of eftablithed re- 


putation in the country for works of the kind ;—in fhort, had Mr, Errington practifed or — 
aa 


attempted to prattife, any fraud in the condu@ of this affair, or aéted with any finifter 
views, in any of thefe cafes it would have beem natural for the magiftrates, finding them- 
felves cheated, deluded, and difappointed, to have purfued Mr, Errington with the rancour 
and vindiétive fpirit they are now doing : but if it fhall appear that the very reverfe of all 
thefe things is the truth; if it fhall appear that the magiftrates had entertained thisfcheme and 
idea from the fuggeltions of the late worthy and univerfally efteemed and refpedted Sr 
Walter Blackett, the upfhot of which, as refpecting him, was the total demolition of the 
bridge, as already deferibed, in 17715 if the difappointment avifing from se glen 
trophe was fo great to the magiftrates, that, on Sir Walter Blackett’s:refufal to be con- 
cerned with the bridge any further, choofing rather to pay the penalty of a bond that he 
had entered into:with the County, than farther embark in fo ill fated, in fo apparently un 
certain and hazardous an undertaking * 
giftrates (till remained fo. eager for & bridge that they agtually began, to re 
near the fame place, and for this purpofe engaged an eminent engineer to directand 


ntered into a bond, the penalty whereof was ool. the identical’ fun tits 


towards building a bridge at this place. ‘The bridge certainly colt a far 
{fe eftates lay in that neighbourhood, made a 


Sir Walter. 


® Sir Walter Blackett & 
received from the County, 
fam ; but the voluntary fubferiptions of feveral gentlemen who! 
part of the extra fum expended, no part of which was refunded by 


Exe fuperintend 


: Tay, if on this refufal of Sir Walter, the mas 


ee 
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fuperintend the work +, with a refident furveyor of his own choice and recommen I) 

and if after making fome progrefs in the work, this fame engineer gave it sp 5 
practicable, on account of the infurfficiency ofthe foundation ; if the magiftrates st 4 
ftanding {till remained unfatisfied, and eager to that degree as even to attempt to a8 
in the poor working mafons of the coun* to take this great hazard)upon them, (after a 
declared impracticability by an emin- * > -ineer) to the probable ruin of themfelves and 
families; 1 fay, if, after all this ardour for a bridge on the part of the magiftrates, Mr. Er- 
rington was the unhappy facrifice delufively taken in by their offers§ ; then it may be fairl 
faid, that the magiftrates have drawn Mr. Errington into a ferape, and not Mr. nied 
the magiftrates5 and that in taking the thorn out of their fide he put it into his ra ; 
for which aé they are now fully bent © 92! his i fuccefs by a rigorous exaction of 
a fum of money that he never received. 


‘Tyue it is that Mr. Errington had a view, he had a motive in this bufinefs ; but if that 
motive was a laudable one, why punifh his want of fuccefs with fo much rigour? We 
: do not read of any age where men undertook works for the public fervice, merely for 
the fake of having the trouble of performing them ; mankind in every age had a moving 
caufe of action. Did Sir Walter Blackett engage in building a bridge oppofite Hexham 
without any other moving caufe than the mere good of the public? Certainly not. Sir 
Walter Blackett had a very confiderable eftate oppofite the upper or weftern part of the 
town of Hexham, and was lord of the manor of the whole. Had Sir Walter Blackett had 
no moving caufe but the mere public utility, to fix the deftination of the good he intended 
to mankind, he might have found many other places to promote the building of a bridge 
in England, and fome in Northumberland ; but it muft be allowed, that the above cir- 


me Mr. John Wooler, who was then rebuilding the bridge of Neweaftle, overthrown by the fi pd, 

and which was afterwards finifhed by him. i ae 
~ £ Mr. Jonathan Pickernell, from London ; afterwards made Surveyor of the Count i 

op EMS A y Bridges of Northum- 

land, ‘gid-recommended by fome of the magiltrates to Mr, Errington and Mr. Smeaton, to build Hexham 

Bridge ‘under his direction. 

Fs 5 

a Whoever was the leat conyerfant with the public tranfaétions of this county, in the years 1775 and 1776) 
will ws ant remember an advertifement coming from the magiltrates of this county, and appearing inal the 

th eckly papers of Newcaftle, importing their readinefs to treat with any perfon that would engage to 

i dge at Hexham, according to a defign or plan for a Juperfirudure, lodged for their infpeétion with 

_ the clerk of the: peace, The offerer to be at liberty to purfue his own plan or method of conftruéting the 
r water), but to give fecurity for the permanency thereof for feven years. This was the pur- 





‘ ve of ou wo Ne a ang a confequence was, that after continuing the faid advertifement weekly 
for the greatelt part, if not the w! ole of a year, Without any adequate offer, it was Mr. Erri 5 ill fa 
to be feduced by thofe colours fo Jmung out, ; ae eae 


> & tas ft ‘occurs to memory; but the mafons and working mechanical artificers were too wife to take the 


@ cumftances 


—— 
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cat Dances ought not to take from the merit of Sir Walter’s fixing his efforts at Hexh: 
ilding the bridge fo as to land, on the north fide, upon his own eltate. am, 


In-like manner, Mr. Errington having an eftate oppofite to the town of Hexh; 

the caftern or lower part of the town, being alfo defirous to have the bridge to vate he 
north end upon his eftate, the benefit that was iely to accrue thereto was a ia ; 
inducement to him to engage in that very icene of trouble and attention fie: 
mutt neceflarily arife in the building of a brid, < ifuch a fituation, and of fuch a magnitude, 
without the leaft profpeét of any profit, or other advantage by the building ; on the boi. 
trary. it was Mr. Errington’s profeffed declaration to Mr. Smeaton, when he applied to 

at fo far from meaning to be a gainer by the 
ed if he were 2 of Zool. out of pocket ; and 
ed out to be the cafe, 


age his advice, opinion, and affiftanc 
taking, he fhould not be dif 
which, it will be proved, actually 






In regard to the competency of Mr. Smeaton, to form a judgment of and properly 
execute fuch undertaking, this may be feparately difcuffed : but it will certainly exculpate 
Mr. Errington in haying employed him, when it is recollected, that at that time Mr. 
Smeaton had had no bridge fallen, had been employed in the full {cope of bufinefs in his 
profeffion no lefs than 25 years, and at that time had given proofs of his abilities by a 


conftant fiiccefs in executing the moft dificult works, in almoft every part of Great 


Britain, without then the failure of a jingle /ubject. 


If therefore Mr. Errington ated the part of a wife, a prudent, an upright, and a dif- 
d man, willing to promote the public good, along with his owns if ina laudable 
attempt tow ards this end he has failed, from caufes that could not in their own nature be 
forefeen ; it mutt be allowed to be hard, nay very hard indeed, that Mr. Errington not 
fed in his failure, but he muft be actually pofitively punifhed. Does 
2 ; nay it is not even in the power of the 
fo fays the «written law 


interelte 


only cannot be exc’ 
the law admit no remedy ? The law-men fay of non 
magiltrates to yemit any part or tittle of the penalty of the bond! 


of England! 


But what fays natural jupice in the cafe f a 
properly deemed the law of equity and of good confeience 5 


every rational man, and is : 
d revolts from the idea, and fays, that to 


fame determination ? No, it 
bond in the prefent cafe, y 
e then ina legiflative fenfe, in poffeffion of the executive part 
e? Yes, reafon anfwers, every man in oe of 

a Drie 


does this agree in the 
exact the full penalty of the 
to Mr. Errington. - Is no on' 
of this law of equity, and good conlcienc 


> that law which is written in the brealt of | 


would be the moft {hocking injuftice ” 7 
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a Britifh juryman pofteffes it, and has the adminiftration of it in his power; he alone can 
draw the line of right and wrong, in the particular cafe before him, where the written 
general law of the kingdom can (from. the nature of the thing) draw none; and it is a 
wife provifion of the general law, to leave the decifion of particular cafes to the bréa/? of 
a jury; where the law.itfelf has not, nor can fix the limits of right with an adequate 
degree of precifion. For this reafon, a juryman’s determination is upon oath ; the pur 
port of which oath is to the effeét, that he will ufe his judgment according to his con. 
feience ; for there is no’need of an oath, if it is to be fuppofed that a juryman is previoufly 
and externally fixed to a point; that is, that he is to judge, without haying the ufe of his 
judgment. ay 2 Ms, ees 
a “2 * fo rs 
When a juryman has heard all parties and perfons who have any thing to fay in the 
queftion ; he is afked by the judge, whether he finds for the plaintiff or the defendant ? 
that is to fay, if the right is for the plaintiff or the defendant ? if for the plaintiff, what are 
the damages?) Now is it poflible that any juryman can lay his hand upon his breaft and 
fay the plaintiffs are damaged to the amount of goool., when it is fully proved, that the 
value of every thing that the defendant réceived from the plaintiffs, inclufive of the road 
that ftill remains, was but 61ool., and in this 61ool. they are damaged no more, than 
upon a fair eftimate it would coft to reinftate the building as agreed for * ; for the magil- 
trates cannot. be allowed to fay, that to reinftate the building as it was agreed for, 
will not now be likely to anfwer our end in point of permanency ; he fhall either build a 
better bridge, or give us money wherewith to do it; this certainly cannot now be admitted 
from: e plaintiffs i7 fora, confcientia ; becaufe it is the light drawn from the expe- 
riment made by Mr. Errington, that alone makes the magiftrates now to fee the neceflity 
of building upon a more extenfive plan ; and fince it was they themfelves that practifed 
the delufion, in order to draw any unwary perfon they could into the fcheme (which un- 
fortunately for himfelf, happened to be Mr. Errington), they certainly ought not to be 


. © gainers by this delufion. If Mr, Errington pays them back what upon a fair eftimate it is 


, than they would have been, if by the combination of natural caufes, this flood had 
sie o more violent thar common, and which this bridge had with{tood before ; in which 
2 rs 


> likely to coft, to reftore it to what it was ; even this puts the magiftrates in a better fitu- 
%- 





we 
‘ 
\ Sa e contrat was, to be paid 5700. in money by inftalments as the work advanced, for the bridge, and 
4ool. t Donkin for'making a road, in the whole 6100). ; alfo Mr. Errington was to reccive all fuch 


__ materials of timber, ftone and iron, as the magiftrates themfelves had provided during their effurts to get a 
_ contraét ; — thefe materials were valued by the magiftrates to Mr. Errington at 2000}! though in reality they 


* 4 : 2 
Te ee of roool, value to him ; and as the road ftill remains, and there is much more value ndw upon the 


s\towatds a bridges than Mr. Errington received, the magiftrates in receiving the prefent materials from 
rrington towards a bridge, will be gainers upon what he received from them. — 


- cafe 





" -every shuffling pretence, at any rate to delay the payment: 
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¢ ould have now been left upftanding; ‘becaufe they are aware, in attempting 
tol ate it, that fuch powers of refiftance are now required, of which before its down- 


fall they could not poffibly have formed any conception ; which knowledge will be of moft 
important ufe to any onewho finds courage to become a future builder and guarantee for 
the upftanding thereof, 


Nay, fuch is the utility of the knowledge sued by this experiment, that in, the eye of 
reafon, the whole charge thereof certainly fhould not be folely upon Mr. Errington, The 
magiftrates, if nolens volens they muft have a bridge at Hexham, fhould contribute to this 
experiment as well as he; and therefore only a moiety of the fum eftimated for rein- 
flating the building, fhould be reimburfi- i by Mr. Errington, as his proper fhare of an 
unfortunate adventure $ and the o* { thould be allowed by the magiftrates for the 
experience gained + and then upon ‘is fund of money and knowledge, and an adequate 
fum in’addition for its more extenfive conftruétion, they may with fome degree of profpett 
hope to poffefs a permanent bridge at the public expenfe, without forcing itout of a pri- 
vate man’s pocket, 


"That juries do in other cafes exercife this kind of judgment, is manifelt. I become 
bound in the penal fum of 200ol., that A.B. {hall duly fulfill the truft repofed in him by 
a certain company, deliver a true account, and all moneys, papers, and writings com 
mitted to his care, upon being thereto required. It happens that he abfconds, carries off 
every thing that he had in his charge, and roool. of the company’s cafh, The company 
fue me with an intent to recover 2000). upon the bond ; but though he has broken every 
article for which I became bound, yet unlefs the company can prove the intrinfic value 
of the books and writings, and that by the breach of his honefty, they have in faét fuf 
fered a real pecuniary lofs of more than the real fum of money deficient ; will any jury 
punifh me by the payment of 20ool. for the delinquency of another, when the whole of 
their intrinfic lofs is no more than roool.? furely they will not. 


Again, in the common cafe of a bond for repayment of money borrowed ; the nail 
condition.of the obligation is, that if the obligee pays a certain fum (commonly one hal 


of the penal funy) upon a certain day with lawful intereft for the fame, without fraud or - 


further delay, then the obligation to be null and void, othezwile ay remain in full a 
and yirtue, We will fuppofe the obligee fails in every article, wherein he has been ‘ait iE 
he neither pays the fum nor the intereft at the time; he makes many fraudulent promies 
till he can abfcond ; and makes ule of 
It may happen, and often 

does, 


of payment at a future day, merely to gain time 


* 


and though this might fometimes be the cale, that the 
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does, that for want of the money at the time, the obligor is prevented from fulfilli.g a 
purchafe that he has made; by which he would have got a profit equal to the fum, and 
in failure thereof may himfelf be fubjeét to an aétion ; and after all this he is put to the 
neceflity of profecuting an action to recover his own; this is very hard, but will a jury 
punifh this ‘obligee for his fraud, failure and negleét by finding in damages the whole 
penalty? No, they will calculate whatshis principal and intereft comes’to ; allow him that, 
with expenfes of fuit, and give damages accordingly. But here we are told, that this 
difpenfing power in the breaft of a jury, is limited in confequence of an ad? of parliament, 
exprefsly made for this purpofe, fo that let the penalty be what it will, the obligor can 
recover no more than the real pecuniary damage. ; 


Very well; but does not the very making of fuch an act of parliament infer the judicial 
power of a jury, that fubfifted in their brea/ts, before the at was made? and therefore, 
where there is no att to fix the line of law, that it ftill refts in the breafts of a jury ? the 
thing fpeaks for itfelf. Ads of parliament are not made to remedy an evil that has never 
exifted. It isnot to be doubted, but that before,this aét, it was common for a defigning 
obligor to trump up a detail of the damages he had fuffered, by the money not being 
duly paid according to the obligation of the bond, inorder to extort the whole penalty ; 
obligor might fuffer by the 

neglect of the obligee, yet it doubtlefs would be pretended ten times for once, that it 
really was the cafe. It might alfo happen | to fome juries not to have that accuracy of 
yeafon and difcernment, but to fuppofe themfelves under an abfolute obligation to find the 
full penalty, though an adequate damage might not be fo clearly made out, conceiving 

- the penalty to be the proper punifhment for non-performance. In order fully to fettle 
thefe matters upon the beft general grounds, an aét has been found neceffary to reftrain 
the jury’s diferetion from proceeding beyond a certain line ; and nothing can be a ftronger 
proof of the full extent ofa juryman’s power of difcretion, than this actof parliament, to 
reftrain it in this particular cafe, It is not therefore to be doubted, but that every jury- 

“man who is fully fenfible of what isdue to his own character, and the full extent of 
Mr. Errington’s cafe, will perceive, that as he has the power, he undoubtedly will have 
the will, to draw'the mercilefs teeth ofthe lion, and not fuffer them to fix unreafonably 
deep in the flefh of an innocent man ; and this even at the expenfe of his own oath in 
giving exaggerated damages, where mitigated damages only are due. 


etyie . tx . 





BERWICK BRIDGE. 


= 
The REPORT of Joun Smearox, Engineer, upon the State of Berwick 
re Bridge, from a View thereof, the middle of September 1771. 


Notes takeneon View. | 


"[ BE key from the tpper birth to the bridge, appears to be in a ruinous condition. 


a 
N.B. The north weft abutment wall of the bridge fwayed out, and over ie 
| feems proper to be fupported by a buttrels. Pots 


The {play wall up ftream wants pointing. ? 


‘ : 
: The fecond courfe of arch {tones in the firft arch from Berwick; is decayed in the weft 
face near the crown of the arch ; the ftones that are perithed fhould be hifted. P 
oe? 
‘The Piers to the fourth inclufive being in hand to be pointed and repaired, and in.great 
part done, it is needlefs to fay any thing as to the reparation thereof. a 


- Fifth Pier-—Some ftones deficient, and the lower point of the ftarlings frame beginning 
to decay, thefe matters fhould be attended to, ieotes ' 
~~ “Seventh Picr—Several. {tones out of the fides of the pier, and alfo fome ftones out of © - 
the old ftarling jetty or frame, as wellas the new, which laft is fettled and confiderably 7 


deranged. 


Ninth Pier-—The north fide of the ftarling wants planking, and the upper peach is in 
bad condition; it may be rebuilt, or with repair, may be expected to laft a fowsyeals 
longer. fe / 2 
Tenth Pier—The fheeting on both the north and-fouth fide of the ftarling wants: : 5 


_ pairing, as alfo the peak. ie —" Z 


ae Vor. Ill. YG pe 


~ 
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Plevénth PierThe down flreain point of the ftarling is decayed, the north fid 
planking Half round, and the fouth fide wants the loofe ftones righting up againft 


its 


Twelfth Pier—The down ftream point of the ftarling is out of repair, the fiues » ant 
planking all round, and the fouth fide more particularly wants repairing. 


Thirteenth Pier—The ftarling wan. ©; Ming all round, and the loofe ftones righting 
up in the paffages, and laying regularly againft the fides of the ftarling5 the peak of the 
pier has fettled, but with repair-may probably aft a few years longer. 


Fourteenth Pier—The ftarling wants planking on the north fide, and its down ftream 
point is deficient. In the face of this arch ans ~~ “me ftones are wanted on the weft 
fide, but as they are found in the foffite underica’’ they are not in imminent danger, 
and by fhifting the decayed ftones may be properly repaired. 


Several lengths of the parapet of the bridge are overleaning, fome of the wortt places 
fhould be taken dowa and rebuilt, and the terminating pillars of the abutment parapets on 
the fouth end of the bridge being in a ftate of difrepair, fhould be made up again to pre- 
yent forther derangements to the parapets. 


N. B. Reference has alfo been had to the report of Mefirs. Wilfon, Dods, Buglafs, and 

Steel, dated 21ft June 1771. 
. 

This bridge having been built feveral centuries, has felt the effects of time, and be- 
fides the decay of the ftones in fome particular places, the mortar is in general perifhed 
from the joints, as cominonly happens to buildings of the fame age, and alike ex- 
pofed. Nothing would fo much contribute to an appearance of good repair as to have 
the joitits new pointed, and could this be done in an effeCtual manner it would in reality 
contribute to its duration; but the imperfeét union of new mortar with old, and with 

“ftones in a ftate of wafte, is fuch, that the frofts and rains in the courfe of a very few 
years generally undo whatever of this kind is done, even when executed with great care : 
however, it being’ very fatisfa€tory to’the public eye to fee matters of this kind look well, 
I cannot but recommend it to thofe who have the management of the repairs of the 

. bridge, to do as much of thisas they can, without neglecting what is really effential. 


‘This bridge, like moft of the fame age built in tide rivers, has been founded on piles 
fawn off above low water, for the defence of which from the injuries of the weather, and 
alfo to fecure the | und round each affemblage of piles for the forming of a pier, eacl 
afferiblage has | eer furrounded with another work called a ftarling or frame, which 

2 ® 2 terminated 


Weed * 
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term nated fo much above low water as to cover the wood work immediately under the 
pier ;_and as thefe ftarlings are confidered only as a work of defence, whofe furface is in 
general wood, they muft of courle be fubjeét to decay from the injuries of the weather 
and the wear of the,water; the pilesjin the fides of the ftarlings in time therefore want 
renewing, and when that is the cafejjas they can eafier be donerby, fiirrounding the former 
work with a frefh row of piles than drawing out the fEumpsiof the old ones, it happens 
that the ea/ie/? way is often taken : but as this inereafes the bulk ofthe ftarlings, and of 
courfe contraéts the water ways, the rapidity of the flood tends ina greater degree to 
fap and deftroy thofe outworks, and then recourfe is had to ftones to fecure the ftarlings, 
and the intermediate bed of the river, which ftill increafing the obftruétion, form alto- 
gether a kind of dam, over which'the watex falling pools a great hole below the bridge, 
which often threatens the deftruétion of tle whole. For thefe reafons I cannot commend 
the firft laying of the {tones round the ftarlings, and lefs the extending the ftarlings them- 
felves fo far from the fides of the piers as to require it; but when done, as one evil is 
frequently applied to cure another, perhaps it may not be fo perfeétly fafe juft now to 
take away the furrounding ftones already placed; but it is very material that the repair 
of the ftarlings fhould be duly attended to, as the fafety of the whole bridge*depends 
upon them; and when any repair is made to do it in {uch a manner as not to contract 
the prefent water way, but whenever it is poffible by contracting the ftarlings fideways to 
increafe it, and whenever the down ftream points.of the {tarlings become dangerous, by 
the pooling of the ground below the bridge, and taking it too much away from the tail 

of the flarlings, it will be the beftand cheapeft way to fecure ihe bottom by throwing in 

rough rubble {tones from the quarry ; and though this may in fome fenfe be confidered 

as a contraction, yet being chiefly in the eddy of the pier, will not have the effect offuch, 

and is tobe applied only in fuch a degree as the matter there has become defettivein 

quantity : it is poffible that after fuch application fome of thefe {tones, by being laid We 

fteep againft the ftarlings, may be carried down by the ficceeding floods ebu as this 

will only happen by their being too iteep, by fliding down they enlarge their bale, and 

by filling up the place from whence they have flided, they will in the end remain immoye- 

able like a rock. 


By attempting to put the {tones into a frame at the tail of the feventh farling for the 
fecurity of the down itream part of that ftarling, in the cafe above mentioned, and 
for want of fomething to keep the ground from being carried away round this 
new jetty, it has fettled and the ftones therein have become deranged ; but if the wood 


work could be drawn out, and the Stones fuffered to form their own flope, and frefh 
Yey.2 "St sa ftones 
; ~ * 








ELEVATION of the CENTERINGS . 


DESIGN for a BRIDGE over the RIVER DOVERAN at BANFF. 





of the PIERS 





PLAN of the FOUNDATION. 









Phe PIERS and ABUTMENTS to the Spring of the A 
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~ BANFF BRIDGE 





(See Plate 1 4) 


ESTIMATE for building a Bridge over the River Doveran nea 

be of 410F eet between theAbutments, 20Fect wide over-all, and to 
of Seven Arches; the Aiflex of the Piers, Arches, and Facings of Fret 1c 
and the Core of the Piers, Spandrell Walls, and Parapets of Rubble. it 


2 
ra 


PREPARATION for founding the PIERS. + 

To timber in coffer dams for the fix piers and two abuts ele’ 
of what is to remain conneéted therewith, 1278 cube feet at 35. 6d. 
To iron wok to do. 12 cwt. 2 quarters, at sds per Ib. - -« 
To pumps, piling machines, and utenfils — = - ~ 


_ To excayationsand umping for eight foundations at 1 a 

To timber in plai piles, beating piles, ribbands, Bai for 
foundations, 2788 cube feet, at 45. - - 

To iron work for the fix piers and two abutments, 22 owk.; 
pet Ib. - 2 

To lead 10 cwt., atiad. per Ib. = 


2 - = e } 


To aifler in 14568 cube feet, at 6d. , 
To rubble work in do. 82 roods Scots, at al. 165. - 5 
"To ad. pex foot extra upon 4024 cube feet of rubble blocks to ferve 


"Whe infide for the bottom, tie and bond courfes as aifler 
To so tons of Pozzelana, at 3/. per ton, ground and fifte 
* = 


To dso cube yards of | rubble to bedepotited round th 
the bottom, at 167 - ses — 
i rc Pa e} 


a 
2 -Ay 
a 


* 





1 fie? o] 


N, B. The above eftimate is on fuppofition that every thing is to be provided 
nothing to remain; but a confiderable quantity of old materials of th 4“ : e 
has been preferved and depofited near the place; I fuppofe to the am e — 
and the timber of the centers and coffer dams will remain at laft to Ss daatings ; 


we 









A quarry very near the bridge, which afford> -xc2 len! + 
: B t rubble, greatly contributes 
fmallnefs of expenfe for fo large a building. ; “5 a a, 


’ 















Aufthorpey 
9th February 1772. 
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EXPLANATION of the manner of fying the F 
of Banff. 





tg B—String piece firft laid fe 
mon furface of the water. _ 


: an 
C—Another ftring piece for conneéting the tops of 


af 


D—Planking for keeping out the tide water. 


toga 


‘The infideis then to be excavated to the depth required. 


om 


a we wee 
= 3799 12-5 
379 t 3 


F-— Bearing piles to be increafed or diminifhed inmu 
the ground is found more or lefs firm: thofe drawn \ 


FA ribband.or ftring piece whi 
with ferewed bolts, (whofe 1 
through the ribband) to be fixed to 
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CC—Struts or props of Scots firs about fix inches diameter i mi 
r in the i 
eee ‘ iddle, and of their 










DD—Two braces in,each rib for throwing part of the w cigs of the middle upon the 


ps for tying in the outfid 
two adjacent fupports, : vs . 











ea" me. J n 
; $e : i 
[—Fl. bble k F the™ground ¢ > the fe together. : : Shows the ofa of peti planks for oan the center, 
. . +e Ey « 2 é : 
When the pie: J above low water mark he upper part of the coffer 3 F=The vaufoirs or Penttones upon the centers two feet in height. F ee | 
with its {tring piece, crofs , &c e to | re aoe 4 3 - Pp an 4 
* he plank pi { 
pier, the plank | ‘les mith chizzele GG —Pillars or props of Scots firs of their natural taper, ten inches diameter in the 
~ under water, and then the ftring pie: domes middle: as there are fhewn five under each rib, they will be feven deep, and each 
? ‘as . feven framed into head and fell pieces, whofe ends are fhewn at 
The outfide muft be guarded with rubble round the caf . - , sé 
a 2 . t ~ HI—Ten inches fquare, and 20 feet long. 
of eafin .e driving of the plank p ‘the q . 
nS Pee an tier and 4 > : : KK—Denote fhort blocks of about five inches in’ height ‘aid perp 
y . he “of the pillars above mentioned, fo as to level up the tie beams to their | proper he Tle 3 


which blocks are fplit away from under the tie beams on ftriking the centers. 


} pillars G G are of fuch a ta oe n 
Ay eit will fapport the center ‘when the two arches nex! 
we _— ag? : , of the tie beam A] g adapted to the span of the finalleft ar 
2 Ss B ftones | bedded upon the gravel, one correfpondent to eac al 
fell pieces 1; but as the arches will rife higher, and pe 
iil be more fafely fapported by 





in planks « 


YO} ES 





+ Suppor 
“over the channel of the river at low water wil 


ay + 
.—Piles of Scots fir about 10 inches i e middle, driven into th 


SS eas . : Ay a % b - et more or lefs, till they make a confiderable refiftance to the ram} 
a of the Center for the Bridge of * in rows as nearly correfpondent to the prefent places of the pillars ¢ 
: a he, See } their heads levelled down fo as to fuffer each fell ie ped 


feven piles. 


ftand under the middle arch of 











DESIGN forthe BRIDGE of DUMBALL OCH over the RIVER BEWLIE 1772. 








DESIGN for the BRIDGE of BRAAN over the RIVER CONNON. 
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DUMBALLOCH BRIDGE. * 
ft (See Plate 15.) a 


ESTIMATE for building a Bridgaover the River Bewlie st Danae, 
being 210 Feet between the Abutments, 20 Feet wide over all, and t to cc 
fift of Three Arches to be built with Freeftone. 





PREPARATION for founding the PIERS. te 


To timber for coffer dams for two piers and two abutments (exclufive 


of what is to remainconneéted therewith), Lite cube” — gee v 


To iron work for do. 7 3, at sd. per Ib. ; ‘ae Sy, 
‘To pumps, piling machines, atid ucenfils - “2 120 0 


A 
Total of the Preparations - 

The PIERS and ABUTMENTS to the Spring of the ARCHES. + 
To excayations and pumping for the four foundations, at 20/. each - i= 
To timber in plank piles, bearing piles, ribband, &c. for the four 
foundations, 2568 cube feet, at 4s. f oC 
To iron work for two cos and two abutments, 12 cwt. 3 qrs., at 5a 
per lb. - ; = 
To lead, 6 ewt., atad. per Ib, © S. oP te 















To aifler in do. 12,304 feet (the al balls fyppore not to exceed 
one mile) at 6d. . % 

+ To rubble work in do. 64 roods Scata) at 5/. Los. 
To ad. per foot extra upon 3600 cube feet of rubble blocks; to fee i in 
the infide, for the bottom, top, and bond courfes - 
To 35 tons of Pozzelana, ground and fifted ready for ufe, at 3/. Be. - 
To 1432 cube yards of rubble; to be depofited round the piers for 2 a 
ing the bottom, at 1s. 6d. - 


4 The SUPERSTRUCTURE. 
‘To centering for the arches, i contain in the > 4200 { 


foffite, at 15. : ris 4 
To aifler in the arches, which at 2 nick @ contain, 9800 cailek e 
at 6d. é 


aifler in the capings and ‘acings, 2650 feet, at tl 
at an 2 


—— 
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BRAAN BRIDGE. 
(See ee 15.) $ 


o be 276 oe betwee! ’ 
_to he Aifler of ih Piers, Arched 


“be of Freeftone, and the Core. of the Piers, Spandrell ae 
of Rubble. 


PREPARATION for f 
To timber in coffer dams for the four piers and two al yutments, € 
of what is to in cone therewith, 340 ¢ 


To iron-work t 3 cwt. 2 bt t foe . per Ib. 
eS, andi 


The PIERS and ABUTMENTS to the Spring of the ARCHES, 


"To excavations and pumping for fix foundations, at 20/. each a 
'To timber in plank piling, bearing piles, ribbands, &c. for the founda 


tions, 3162 cube feet, at 4. . 
fo iron work for the four piers an 


d two abutments, 16 cwt. 


0. 15,120 cube feet | 


3 fler in d 
Sal Tes eed-one mile), at 6d- a eo 
os ork in do., 65 roods, at gle TOs. 

x maakt er foot extra upon 4602 cube feet of rubble 

‘ the infide, for the bottom, tie, and bond courfes, as aii 
‘To 4o tons of Pozzelana, at a 3s. Bae ton, aaa! 
tna 

ee Fr rubbley to be dotted round 


TO 1152 cube yards o! 
i ng t the bottoms ats 








{timate 


fuppofes 





The f, 1. 
he foundations for this bridge are be h f 
1D rT are din the lame manner a S fi for Be 


¥ 
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Brought forward 
‘To rubble work in the whole fupérftrnéture 71 roods,/at s/ tor - © 
To extra work upon the face of the {pandrells, abutments, walls, and 


parapets, 9606 feet, at 3d. - - 
"Po lead and iron for cramping the caping - 6 
Fitting the fpandrells and abutments with quarry feraps, and levelling 
the whole with gravel, containing 1921 yards, ans. > 


Total of the fuperftructure 


The TERMINATING SLOPE at the South End of the 
Bridge, and Accefs on the North. 
To dry rubble building in the wharf walls for confining the forced earth 


at the fouth end, containing 134 roods, at 3/. Tos. | - 
'To rubble parapet in mortar rt roods, at 5/, tos. *. 
To extra work on 270 feet running of caping and bafe, at 3d, - 


Yo vg00 cube yards of grayel for levelling the north end, and forming 
the flope on the fouth end fo as not to be fleeper than 1 in r2, at 


» 6d. per yaud - = “ 
ABSTRACT, 

The pier and abutments - = 

The fuperftru€ture - = Poe = 

~ The terminating, flopes - _ 


Neat eftimate 

Contingencies on the above, at ro per cent - = 
‘The above being fuppofed to be performed by thofe who are expert 
in this kind of works, we may add, for furveyors and profit of 
undertakers, or inexperience of workmen, Io per cent. more - 


Total 





d. 


° 
6 
° 


° 


nod 


LTRS 
39°) 10 
120 1 
8 8 
96 1 
47 5 
Ca 
BIT, 
37 10 








ho ss d. 
926 5 6 
1136 5 6 
96 7 6 
wir 6 2 
1136 5 6 
96 7 6 
3043 19 2 
Gea), 10. 
Bes 7 10 
3652 14 10 
—— 





N.B. The above eftimate fuppofes that rubble ftone can be procured at 1s. 6d. per 


“Food of wall laid down in place, and lime at 10d. per boll: if thofe materials cannot be 
procured at thofe prices, allowance muft be made in the eftimate upon them for the 


difference. 


Aupo 
Pc 


J. SMEATON. 


N.B. ‘The foundations for this bridge are to be laid in the fame manner as for Banff bri¢™ 











BRAAN BRIDGE. 
(See Plate 15.) 

ESTIMATE for building a Bridge over the River Conon at the Boat of 
Braan, to be 276 Feet between nents, 20 Feet wide over all, and 
to confit of five Arches; the Aifler of the Piers, Arches, and Facings to 
be of Freeftone, and the Core of the Piers, Spandrell Walls; and Parapets 
of Rubble. 


PREPARATION for fo: sting cue PIERS. Legesthihin el eareats 


To timber in coffer dams for the four piers and two abutments, exclufive 





of what is to romain connected therewith, 34° cube feet, at 3s. 6d. 59 10 9 
To iron-work to ¢5, 3 cwt. 2 qrs. at sd- per lb. - Biased 
To pumps, pili machines, and utenfils 5 ~  -No- otter 
; na 18713 4 
The PIERS and ABUTMENTS to the Spring of the ARCHES, 
To excavations and pumping for fix foundations, at 20/. each - 120 9 © 
To timber in plank piling, bearing piles, ribbands, &c. for the founda- 
tions, 3162 cube feet, at 4s. - 5 Pee yea aK 
To iron work for the four piers and two abutments, 16 cwt. 2 qrs., at 
gd: per tb - - - - 38 “% 3 
To lead, 7 cwt- 2 qr. at ad. per Ib- - Ec 7 Pips Se 
Po aifler indo. 15,120 cube feet (the leading being fuppofed not to 
exceed one mile), at 6d. - - = 378 = s 
To rubble work in do., 65 roods, at 5/. Tos - oe 387 
To 2d. per foot extra upon 4602 cube feet of rubble blocks to ferve in 
ihe infide, for the bottom, tie, and bond courfes, as aifler - 38 7 of 
To 4o tons of Pozzelana, at 3/. 35. per tons ground and fifted ready 2 . 
4 =»; 26h 
r ule = : - 
ah, beg cube yards of rubble, to be depofited round the piers for RE 
fecuring the bottom, at Is. 6d. - - - ae 5 6 
Total to the piers and abutments 197t 16 4 
The SUPERSTRUCTURE. ae 
Po centering, for the arches, which contain 5780 fuperficial in # 2 ‘a 
foflite, at 8d. : S pS ae atcube 
To aifler in the arches, which at two feet thick contain 11,5 . an 


Se 


feet, at 6d. ) 
Carried forward = £ 


————_—S 
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Maress. Aas, a, 
Brought forward 2 

To aifler in the capings and facings, 3060 feet, at 6d. - 4610 0 
To rubble work in the whole fuperftruéture, 92 roods, at 51. 10s. ’ 

including fcaffolding = ; - = 506 0 o 3 ALTGRAN BRIDGE. 
To extra work upon 11,664 feet, face meafure, of rubble walling in | 

the fpandrells and abutments, walls and pavapets, at 3d. - 145 16 0 -.. : ; ; 
‘To cramps and lead for the caping =... = tee: 0 ESTIMATE for building a Bridge over the River Altgran, near-above the 


Na 
To filling the {pandrells and abutments with quarry{craps, and levelling 


: prefent Wood Bridge, to confilt of One Arch of 44 Feet Span. 
the whole length of the bridge with gravel, 2384 yards, at 1s. - 119 4 0 





1147 14 0 














woe dd 
—— To excavation for the abutments and laying the water for laying the foundations . oO 
‘Total of the fuperftrudture 1340 7 A | To aifler in the abutments to the {pring of the arch, 392 feet, at 6d. - 9:16 0 
hae! To do. in the arch,.1800 feet, at 6d. - - - 45 9 0 
| , , 
The TERMINATING gece’ by way of Accefs tothe Tajdoninthe: mings Ween teceReNCNs i y, peaks 
Fy re se Be ° | Rubble work in the whole, 11 roods, at 4/. - a ks 44.0.0 
Yo dry rubble building in wharf walls for confining the forced earth at Centering for the arch, fuppofed to be brought from the bridge at Braan = gy alge 0. 
the ends of the bridge, containing 14 roods, at 3/. tos. ” shoes Cues Filling the fpandrells and levelling the bridge with gravel - - GP yh} 
To rubble parapets in mortar, to do. 23 roods, at 5/. tos. - 1% 2 6 Jor 
To extra work on 384 feet running of rubble caping and bafe of the : | 129 14 6 
Parapets, at 3d. = iy - 416 2 To 5 loads of dry rubble walling to wharf up the flopes - 12 10 0 
To gravel, &c. forfmaking the accefs to the bridge, and for forming ‘To 548 yards of earth for forming the flopes . : in pee |? 
the flopes fo as not to be fteeper than 1 in 12, viz. 2048 yards, Total S149. 6 
at 6d, - - - 5I 4 0 | —— 
_ 1202 6 nl 
| » Tei le the work may be undertaken for lefs money, but the quantities 
ABSTRACT. N..B. It is probable the wor! y ’ 
The piers and abutments - é 1971 16 4 } may nearly be depended upon. 
The fuperftru€ture - = 1340 7 4 
‘The\ terminating flopes a 3 120 26 The above eftimate fuppofes the rubble ftone can be procured at 1s, 6d. per rood of 





wall laid down in place, and lime at 10d. per boll : if thofe materials cannot be procured 


at thofe prices, allowance muft be made in the eftimate upon them for a Bile 


Neat eftimate 3432 6 2 
Contingenciesvon the above, at 10 per cent. - - 343 4. 7 


The above being fuppofed to be performed by thofe who are expert in 
_ this kind of works, we may add, for furveyors and profit of under- 


Aujthorpe, 
takers, or inexperience of workmen, 10 per cent. more - 343 407 


agth February 1772: 


Total 4118 15 4 





‘ 


N.B. ‘Vhe above eftimate fuppofes that rubble ftone can be procured at 15. 6d. per 
rood of wall laid down in place, and lime at 10d. per boll: if thofe materials cannot be 


} 
procured at thofe prices, allowance muft be made in the eftimate for them upon the ————————E 
difference. 
J. SMEATON. | 
Aufhorpe, 
roth Feb. 1772, 


N.B. The foundations for this bridge are to be laid in the fame manner as Banff bridge. 
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BRIDGES AT BEWLIE, CONON, ALYTGRAN, &c. 
oa ‘ 


THE REPORT of Joun Sunares, engineer, upon fundry Matters 
Board of Truftees of annexed 


referred to him by a Minute of the 
: Eftates, dated 2gth January 1770; a8 alfo by the Letter of Mr. Secre- 
tary Barclay, of i7th July 1771. 


The feveral fubjects are = “low : 


(Board’s Minutes, agth January 1770:) 
Bridge over the River Bewlie. 


Do. 3 Conon. . 
; = Do. - - Altgran, — 
z ba Warbour or Landing Place at Portleich. 


Mills and Watercourfe of Miltoun of New Tarbet. 


(Mr. Secretary Barclay’s Letter.) 
Stone Piers at the Ferry of Inverbreakie. 


HAVING carefully viewed the above Tubjeéts in the month of Augult 1771, I tranf- 
mitted to the Honourable Board plans, direétions, ‘and eftimates for conftruéting ‘the three 
bridges comprehended in the three firft mentioned articlesjon the 1 gth of February laft; but 
being in the courfe of this bufinefs fuddenly called away to London upon affairs relative 
to the Grand Canal, as I then by letter informed the Board, and having been by a fuc- 
ceffion of prefling affairs occupied ever fince, it is only now that I amyable fully to 


acquit mylelf of the above articles. 


in a great meafure delivered my- 


Fd What regard to the three firft articles I have 
t I affign my reafons for preferring 


felf upon as above mentioned ; it only remains thai 

the fituations for which thefe plans are refpedtively drawn. ee 
Refpecting the River peste he river at the prefent ferry is not only much wider and 
» deeper than at the place propofed at Dumballoch, but being much more in the tide’s way, 


would on that account alfo be more expenfive ; and furthermore as the river feemed to 
3 threaten 





————— 
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threaten to break through the neck o} : 

ferry, at might thereby tics that iuaeti Nes re a eat 2 = 
were originally built upon this neck, the cutting of the neck and foes ‘ot eee 
river at the prefent ferry, with a road upon it of fufficient height to ae + me a 
wath, would be in itfelf a confiderable expenfe. At Dumballock the ce ge ‘ 
is moderately wide and deep, and has a good gravei bottom, and as I am a Pe 
ic will not carry the road much about, I tlak upon the sige that this place me sit 
ferred to any that was pointed out to me for the fituation of a bridge nan eer 


vt 
+ 


Bewlie. 
4 tet 


‘ The fitteft place for a bridge over the river Conon has been by the country in general . 
judged at the place called the Rock.. The reafon why I did not think: this dicated : 
I gave in my letter of 19th of February laft, which accompanied the plans and eftimates, 
and which, to favetrouble of a reference thereto, I here repeat: ** That I find the total 
*¢ length of a bridge’ there (at the Rock) will be greater by almoft 50 feet than where I : 


“ propofe it; and that it will require one arch to be built of 114 feet fpan, and as the 
« 


water is very deep underneath, it will require fo great an expenfe to center and cone : 
ftruét fuch an arch, befides making good the paflage over the remainder of the river, 

« which is almoft 200 feet more, that I apprehend it is far more eligible to conftruct the 
bridge in the place I have fixed upon, where there is a fair and open run of the. 


G 











« river. 


* The Rock, as fo called, being a Kind of concreted gravel, which appears in a degree 
to wear away by the attion of the water, it is in no ways certain that the riyer may not 
« in part undermine the foundation of fo great and neceffarily heavy an arch, and which A : 


« from the depth of the water it will be difficult to guard againft by = a 





Befides the place I have propofed, viz. at the Boat of Braan, there is alfo ler ‘a 
fituation weftward, at the Turner’s Boat of Braan. This is fo nearly equivalent with | a 
former, that the fame defign would fuit either place; but by being further weltward, 


apprehend it mutt take travellers further round, the paflage at the common ferry over 4 


Conon being eaftward of all thofe places. ee" 
Refpetting the paflage of Altgran, there is no choice; there is already a weak timber = 
bridge which may occafionally take over a horfe. ee ain ar — 


OO tare 


= 


, Vor. Il. 34 
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PIER or Landing-place at Portleich. 


PORTLEICH is fituated upon the soxth weft fide of the bay of Cromartie, which is 
in the whole fo entirely land-locked, «9 poge eannot atany time’be any great fea, fuch 
as places adjoining upon the ocean are fubje ©) The bay of Cromartie may therefore in 
the whole extent of it be juftly confidered as a fafe harbour; however, being fome miles 
broad, it fometimes happens that there is a greater fwell raifed within itfelf than is agree- 
able to veffels lying upon the ground at low water to deliver or take in a cargo. The 
fhore at Portleich lying upon a very geniic fo>e. ond the tides being rather fhort, as 
not exceeding 11 feet at common {pring tides, * sa vens that in order to get a very 
moderate depth of water at high water, it will be neceflary to advance the pier or 
landing place a confiderable way from the high water mark ir» “he bay. A pier 
therefore of the length of 188 yards, will but barely reach from hb’: «6 low water mark 
at {pring tides ; fo that alongfide this pier head, which I propofe to be the landing place, 
there will beabout 11 feet water at fpring, and about 7 or 7+ feet at neap tides. About 
a4 yards next the pier head is defigned to be of 12 feet broad at top, fo as to be conve- 
nient for a landing place for veflels to lie on either fide, the reft of the pier being only 9 
feet broad at top, is confidered only as a eaufeway for Making a communication for car- 
riages between the fhore and the landing place; but will be very ufeful in fheltering 
fifhing boats, for the fake of which a few large whinftones are roughly thrown 
together. The new pier is propofed to take its commencement from a ftone 
that I marked when there, a little to the weftward of the prefent landing-place, and to 
extend in a direétion towards the caftle of Cromartie ; fo that veflels which while unload- 
ing want to take the fhelter of the pier may lie on either fide thereof, according to the 
wind and feafon of the year. As the fhore is a muddy kind of fand, and a very flat flope, 
a pier run out in this manner, by intercepting the circulation of the water, may gather 
mud on each fide of it; but to prevent its gathering near the head in the part joining the 
caufeway to the pier head, two arched perforations are left, through which the feas and 
current aéting will be the molt likely means of preventing the gathering of mud near the 


“pier head, where the water is moft required to be deep. ‘The foundation of the pier is 


fuppofed to be laid originally one foot under the furface of the fand, fo that being 15 feet 
in the whole height, it may be allowed to fettle one foot more in the fand, and yet remain 
two feet above the high water of {pring tides, which I apprehend where the feas are fo 
moderate as in the bay of Cromartie, wiil be a fufficient elevation. 


In 
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In regard to the eftimate of this, as well as for the reft of the propofed work. 
only thing that I can be certain of is the quantities, for the prea a, ae 
much upon the kind of workmanfhip employed, and carriage, that leans “tae 
certainty about them. Where the carriage does not exceed a mile by land or _ pes. 4 


miles by water, I apprehend the prices I have annexed will fuit 
y } , ave a , on a fuppofiti 
labour is not dearer in the fhire of Rofs than in the fouth of Scotland. cS eect 





ESTIMATE for building a Pier, or Landing-place at Portleich, upon the Bay of 


Cromartie. 
THE pier head, comprehending 78 feet in length, to be 15 feet broad at a 
bottom, 12 feet top, and 15 feet high from the foundation, at a mean 
thicknefs of two feet outfide, will contain 6626 cube feet of rough feappeled 
block freeftone, which being laid dry, the quarrying, freight or carriages 
and building, at 5d per foot - - - 137 18 4 
To 340 cube yards of quarry rubble or broken whinftones, for filling the 
body, winning, freight or carriage, and laying in place, at 1s. 6d, per cube yard 25 10 0 
To cramps and lead for confining the corner {tone at the termination of the pier 
head - - - - - 1 SOO; 4 
The pier head or landing place 164 8 4 
To continuing the pier or caufeway from the landing-place above mentioned to 
the fhore, being 162 yards in length, and 9 feet broad at top, which at the 
mean thicknefs of 18 inches, will contain 21,141 cube feet of fcappeled free : 
ftone, at 434. - - - - 396 7 10 
To 1062 cube yards of quarry rubble or broken whinftones for filling the body, 
at 1s, 6d. per cube yard - - - - 81 130 
To extra work in the two arches - - =) 4 09 0 
482 0 10 
ee 
Sum of the above, being the neat eftimate - 2 oO a a : 
To contingencies at 10 per cent. = oy o >) 2 


Total qt 2 0, 


! 


The 
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The MILLS and Watercourfe to the Mills of Miltown of 
Newtarbet. 


The mills of Milltown of Newtari: a: | deed in very bad repair, and need rebuild- 
ing ; but far as I can learn, when ‘@ ©) %f ace fufficient to anfwer the purpofes ; 
and as their method of grinding in that part of .) world is ina particular way, which 
their conftruétion of mills is adapted to anfwer, I. cannot venture to give any new defigns, 
which might require different millwrights asd millers to what the country furnifhes, to 
make them fucceed, and at laft probably » © fricfaétion: I therefore refer the 
Board to get their mills rebuilt in the moft fub' mal way that is in praétice in the 
country where they are, as foon as a proper fituation can be fixed upon. The matter 
here, which is moft prefling, and about which fome advice is the mot neceflary, is the 
dam head, by which the water of the river is turned into the watercourfe or lead 
from thence to the mills. © The dam head and watercourfes, as relative to the fituation 
of the mills, muft be looked upon as a very remarkable piece of ‘projection, for after 
raifing a dam head to about three feet, to an extent of 250 feet in length, acrofs a river 
that in general is not above 50 feet wide, and after conduéting the water along the 
face of the rocks, in an aqueduét built up with fods, which are perpetually failing and 
tumbling down, it is in a courfe of about helf a mile in which there is a fall of about 
20 feet, ultimately conducted to the troughs of the mills, from whence to the bottom 
of the wheels there is only about 11 feet of fall made ufe of after lofing twice that quantity 
by the road; fo that it would feem that the original projector had extended his water- 
courfe upon the river in order to meet with difficulties : had the work been permanent 
there had been no error, but a lofs of fo much labour in the firft ere€tion ; but the mif- 
fortune is, that the dam head being only built with loofe ftones, it is broken by every 
fpeat that comes down the river, and as certain tenants are obliged to build it up as often 
as it comes down, and fometimes obliged to work up to their middles in water, even in 
winter, it becomes not only a heavy burthen upon them, but a great interruption to. 
doing the bufinefs of the country, that is thirled to thofe mills. 


* 





Two ways offer themfelves to avoid thefe inconveniences, one is, by building a new 
dam head near the place where it now is, and removing the mills; the other, to build 
a new dam head at a new place, and conduéting the water to the place near thereto, 
that may be more convenient. By reference to the plan made by Mr. Dayid Aitken 
the furveyor, it appears, that if inftead of the dam head, which turns the water into th 
; prefent 


a 


Ne a 
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prefent lead, a dam head is ere€ted higher up, and a new lead or watercourfe cut on 
the other fide of the river, in the direGtion that the mills can have a fall into the river 
there, which he makes to be no lefs than 18 feet 3 inches, which indeed ispmore than 
fufficient for the purpofé of the mills, they having now in effect only 11. The objeétion 
that occurs to me is as follows: A part of the pleafiere-ground, or policy of Balganoun, 
lies contiguous to this dam’s head, and 4 ' on that fide being elevated {carce 
:, would be very liable to be _overflown 
by the pen of the prefent dam in fpeats, were it not for the great length of the dam which 
takes off the water in a fheet of no Tefs breadth than 250 feet, and generally im the greater 
fpeats breaks down. But were this water pent up by a dam, whofe length will be no: 
more than 84 feet, according to Mr. Aj the water will be confined in fo narrow a 
compafs, in proportion to what it ¢ ¢ prefent, that it would undoubtedly be more 
liable to overflow the policy abov ~centioned : whateyer damage may happen to the 
policy by the prefent dam, it may, as 1 apprehend, be prefcribed for; but in cafe the 
fituation of tl hanged, or the dam itfelf altered, if the laws of Scotland are in 
fuch cafes para -- to the laws of England, fuch new dam cannot be preferibed for, but 
mutt be liable to all damages that may arife from it. In order, therefore, that the dam. 


18 inches above the level of the water 


and watercourfes may be clearly freed from the pofibility of litigation, F obferved that 
there was no kind of neceffity to bring the water from the old dam, but that the leveb 
would admit of the water’s being taken up eyen below the bridge where the Cromartie 
eftate extends on both fides, and can. be conveyed into fome part of the prefent lead 
before it arrives at the mills, and confequently, that the fituation and power of the mills 
will remain the fame as now. The furveyor reports, that from the fuppofed new dam 
head.to the furface of the water in the mill lead, is a fall of 8 feet 2} inches ; he does. 
not clearly diftinguith whether he fuppofes the dam head raifed up to its level. of a 
marked joint of the middle pier of the bridge, which he fays is 3 feet 3 inch higher 
than the furface of the ground at the place propofed by me for the dam heads but fup- 
pofing the level taken from the faid joint of the pier (as the mott onfaigae Jape 
pofition), if we calt off the 3 feet 3 inch for the height of the faid joint aE the faid 
ground, and (if need be) two feet more to bring the dam’s crown within the land, 
there will {till remain three feet of defcent from the dam head, through uS new part 
of the watercourfe into the old one, which ia a courfe of 550 yards de more ve 
fufficient; it therefore follows, that the new dam head need not be raifed ae a 
is fufficient to divert the water into the new watercoufe, and there appears to bea 


i i i built, where there 
fi rset to the head of the mill troughs, if the mills were rebuilt, 
aes ore K mill, this four feet might be added to the prefent 


feems to have been formerly a wal i a ae 
Rs f , 
fall of 11 feet, and make 15, which would caufe the millsto wor! , A 
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but if the prefent fituation is found more commodious, the fall at the mills thay be 
confiderably- increafed by raifing’one of the banks fome part of its length. 


‘The defign for a dam head, that I have given, amounting to 18ol., fuppoles the work 
to be done in the moft fubftantial manner, and fo as to be likely to be permanent ; but 
as it-appears to me, that a few flat {tones fet upon the edge, fo as to form a line acrofs 
the river, might be fufficient to divert the water into the new watercoufe, and the work 
may be done in this way, in cafe the Board is willing to fave a good part of the outlay, 
by fubjeéting the work to {mall derangements by floods, 





ESTIMATE for a new Dam Head and Watercourfe for the Mills of Miltown of 





Newtarbet. 
dh 
S Cobit feet. 
To fir timber in bearing piles, plank piles, fring piece and coyer, containing 209 
To oak and fir timber in the fluice » - - = UHH A 
Timber in the whole, at 4s. per foot, wood and workmanfhip, and meafured ] - 
neat in place - - - i 24 Ce ig 
To iron work in the whole - - - - 3.00 
Carpentry total - 48 4.0 
’ MASONRY. 
To cafting foundations - = = A 3.00 
Roods. 
The dam’s end wall to be four feet thick, and fuppofed eight feet high from the . 
foundation, being 96 feet long, will contain - . Es At 
The flue walls within and without the clough or fluice, being two feet thick 
and four feet high from the foundation, and in the whole 70 feet long, will 
contain, fay = = - - 1 
Roods of rubble mafonry at 5/. tos. - - ret; | gr 12 6 
‘To allowance at 3d. per foot, face meafure, upon the dam’s end wall next the 
water, and on the top to allow for larger ftones, caping and rough working 
the fame, 1152 feet - - - - 14 8 0 
Carry forward 49 0 6 


= 
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‘ d. 
Z : Brought forward est 
To freeftone fcappeled for the furface of the dam, 72 feet long, i feet Toad sy oy 
over all, and at a medium of 18 inches deep, will contain 2052 cube feet, at sd, 2 
To 72 yards cube of quarry rubble, or broken whinftones for filling the body lee 
and fecuring the fkirt of the dam, at 15. 6d. ba 4 
cad 5 8 0 
al of mafonry - 973 6 
SPADE-WOKK. 
To cutting a new aqueduct of five feet bottom, fuppofed three feet mean 
depth, with proper flopes, § running. at 6d. al 13.17 6 
To banki crofs the flat fre dam’s end » » the high ground, being 
about ards long, 3 feet top, flopes 83 to 5, to be covered with fods, 
containing 234 cube yards, at qd. ~ - - 318 0 
Total of fpade work. 71s 6 
ABSTRACT. 
Carpentry and iron work - - 48 450 
Mafonry - - o x 97.3.6 
Spade-work = a - 1715 6 
Neat eftimate 163 350 
To contingencies, at 10 per cent, = a 166 4 
Total 1799) 4 


The PIERS, or Landing-places, at the Ferry of Inverbreakie : 


On this head I am defired by Mr. Secretary Barclay’s letter of 17th ws July 77 “to 

« examine into the ftate of the above ferry, and confider the propriety and utility of 
The ferry of Inverbreakie is fituated upon a narrow 

part of the bay of Cromartie, fomewhat fimilar to Queensferry upon the firth of 
Forth, but I believe not half the width of the latter; and as the bay of ae 
is land-locked on every fide, and the tides rife and it far lefs than at Qu pt 
there is accordingly far lels fwell and ftrength of tide; of confequence the ferry 


i i venie Q sferry. The 
vi i with fewer incon eniences than Queen: 
of Inver! breakie is by nature attended 


« building the pier propoled.” 
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two fhores at Inverbreakie are upon a moderately quick decline from high water till 
about the low water of neap tides, after that there is a flat ground on both fides, and for 
a confiderable extent upon the fouth fide, which at low water {pring tides lies dry. ‘The 
confequence is, that whenever the water over “the faid flats becomes too fhallow for the 
boats to go over them, the ferry is altogether inaceeflible to the land except for foot 
paffengers, who may then be carried dver tho, flats on men’s backs; and as there is no 
fort of piers, landing-places, or projecting rocksor any other than a floping beach, it is 
not a very commodious ferry for the boating of horfes at any time, and as to carriages, 

it feems altogether impracticable, without taking the carriages to pieces. As I went to 
Miltown of New Tarbet from Invernefs by way of Bewlie and Dingwall, and returned by 
the ferries of Inverbreakie and Keffack to Invernefs, I had a kind of practical proof of 
the utility of thefe ferries, and beg leave to fay, that were the equipment of the ferries of 
Keflack and Inverbreakie for taking in horfes and carriages, as complete as they might be 
made, no travellers into the eaftern parts of the fhire of Rofs, &c. would go the other 
road, except thofe who would rather go.20 miles round than crofs aiy water at all; 

and even there are two fmaller ferries where the inconveniences of embarking and de» 
barking are almoft as great, greater indeed than at Keflack, where there are already 
tolerable landing-places made by art on each fide, though not fo good as they might be 
rendered. The maindifficulty therefore at prefent is at Inverbreakie, where if two {tone 
piers or landing-places were run’ out from theifhore on eachifide, viz. to the length of 80 
yards.on the fouth fide, and 100 yards on the north fide, this ferry would become practi- 
cable for travellers at all times, except for about two hours at the low water of a fpring tide. 
Thelength of 100 yards on thenorth fide will carry out the pier far enough to enable the 
boats to work at low water of fpring tides; but to do the fame on the fouth fide would 
require that pier to be extended 70 yards further than above propofed. But as thofe 
flats feem to be compofed of nothing but an oozy kind of fand, I am in hopes that as 
thofe piers will in a fenfible degree increafe the motion of the water over them, there is 
a chance that the remainder of the flat fand extending beyond the fouth pier towards the 
north, may be removed by that increafe of the current. It will however very greatly 
contribute to the utility of the ferry to haye the piers carried to the extent above {peci- 
fied; and which may be afterwards extended in cafe the utility thereof to that part of 


the kingdom demands it. 


ESTIMATE 
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ESTIMATE for the Landing-places at the Ferry of Inverbreakie : 





rl i bes. a 

The landing-place being at a medium of fix fert high from the foundations, 10 feet 

broad at bottom, and eight feet at top, will contain of feappeled freeftone, at a 
mean thicknefs of 18 inches in one yard, go feet cube, at 41d. - 113 9 
To 2} yards of rubble for filling the body, at 15, 6d. - - o 40 
Neat eftimate per yard running - 117 9 
Ten per cent. for contingencies = - r- 039 
Total per yard running - - 2 soli 

To 180 yards of pierorlanding-places, including voth fides of the ferry of Inverbreakie, 
at 2/. 15. Gd. - - x - 37gpro” °. 
=— 


N.B. As there is water-carriage from eminent quarries upon the Cromartie bay, it 
is likely this work may be contraéted for to be done confiderably cheaper, 


B 
Vor. Il. 3 
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SUTTON BRIDGE. 


THE REPORT of Joun SmEatos, Ho emeer, upon the Defign for a new 
Bridge over the River Tuil, near Sutton, 


Pts infpeétedthe defign for a Turning or Swing Bridge, intended to be buil 
over the river Hull near Sutton, and 9 1/1 wee exhibited to me by the directi ’ f 
Meffrs, Pool, Watfon, Etherington, and Page; ve queltion being, Whether piste 
and in what manner, affect or endanger the flooding of the grounds in Holdern fs cis, 
navigation of the faid river? I am of opinion as follows : a 


‘That every bridge may be confidered in fome degree an impediment to drainage and 
navigation ; yet being a work of public utility, it feems to me, that it cannot be * . 

objetted to where the rif is fmall and the advantage adequate : refpecting sain ee 
principal objeétion that appears tome will be by ftopping the ice upon the - “a 
ofa froft, which all timber bridges builtyon piles are im fome degree apt to di ae 
the river Hull being a flow running river, will not be fo fubjeé to al fuch ob 3 
tions as thofe that run more rapidly. The bridges from Fulham to Putney, at Kin Si, 
Staines, Maidenhead, and Henley, over the river Thames, thofe at Beal ent Hadillefey 
over the river Aire, thofe on the Dutch river over the river Dun, and that at Hull 
ps ge Hull, are fo many inftances among numberlefs others of the fame kind Poca 
: si fometimes happens, yet it does not ordinarily happen that the ice is ftopped 

be 


‘Tfee no objetion to it in point of navigation, butthe trouble of opening it; but I look 
upon a moveable bridge as a lefs hindrance to veffels than a fixed one ; and, I believe, it 
‘wae never fupported as an objeétion to the building a bridge, viz. that of the river fas 
owls Itake it for granted that the width of 22 feet is fufficient for the paflage 
bes mek ad ee there, otherwife it ought to be made fo; and, I think, it ought 

e made fo hi; t_vefléls it, i So rat 
sane: ee may go under it, in cafe of the turning part happening to 
J. SMEATON. 


Aufthorpe, 
oth Feb, 1772+ x 





a 
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WALTON BRIDGE. 


‘THE REPORT of Joun Smratone Engifeer, upon the State of Walton 
Bridge, as it appeared upon a View taken in July 1778 


HIS bridge having been built with the greateft care and circumfpe@tion under th 
care of that eminent artift Mr. Etheridge, and of the very primeft timber that'e ‘i 
be procured, and which haying been finifhed not many more than 20 years, before on 
covered figns of failure, is a monument of the fallibility of all timber confi ations aeee 
great weights and preflures are concerned, 


I found the four middlemoft divifions of the great arch fupported by four rows of 
pillars raifed upon a {caflold, which were fupported by four rows of piles driven into the 
bed of the river, by which means the great arch appeared fufficiently fecured from any’ 
further failure that was likely to happen in a fhort time, and this at the fame time 
furnifhed the means of examining that part of the bridge which, by the decay of fome 
particular pieces of timber, was in a likely way to have fallen into fudden ruin. 


I examined every part of the bridge. as carefully as T poffibly could, and as nearly 4 
I could come at them ; and it appeared to me, that the timber in general was as perfectly 
found, and much more hard than it was when the bridge was ereéted: but in the part 
where the firft fymptoms of complaint had thewn themfelves, I found fome parts of the 
timber fo perfectly rotten and decayed, that it was reduced even lighter and lefs con- 
neéted than touchwood, at the fame time that the remaining part of the fame pieces 
appeared perfeétly found and this decay taking place at a critical point where feveral 
pieces were affembled, and thereby loofing the geometrical bond and dependence of one 
me that it was in a way inevitably to have brought 
it proves that the decay was not owing to the fault of 
heir local fituations, of which effect we will now 


part upon another, at the fame ti 
down the whole of the great arch, 
the particular pieces concerned, but tot 


enquire the caufe. 


‘Yhe great arch being 13° feet fpan, and originally not above 27 feet rife abave the 
be confidered as a very flat one, but as there is in the very 
11 fect in height from the under fide of the arch 

3B. pieces 


fpringers, muit, as an arch, 
grown of the arch between 10 an 
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pieces to the upper fide. of the: hand-rail, this affords a fpacesthat in geometric. tijaber 
framing would have a very great degree of ftiffnefs independent of its rife as 94 arch, 
fuppofing it not to be overprefled with weight. Ne main ftrength therefore of this 
bridge has beem intended by its architeét to confift inthe ftrength of the two geometrical 
frames, making the two fides or external faces of the bridge; between and from which 
frames he has fufpended a floor by “trot raps of iron, at every divifion of the arch ; 
and as he has propofed to cover tis (or Wi 1» confiderable thicknefs of gravel, which 
amounted to upwards of 100 tons burthen, over the opening of the great arch, it feems 
that he has confidered that the laying plain beams acrofs from fide to fide with about 
nine tons of gravel upon each beam near the middle of the bridge, exclufive of the 
weight of the timber work, would be fo give ® burthen as to caufe the beams to fag, 
; _ and totally to fail when they became a little wint1. he has therefore upon the middle 
of each of thefe crofs beams ere¢ted a king poft, in the way of the king poft of the prin- 

cipals of a roof, and fupported thefe king pofts by oblique ftrutts or try Ts on each fide, 

. footed into the crofs beams near the ends, fo that thefe crofs biams «ill refemble the 
tie os of a roof, the ends of which, inftead of being fupporica upon a wall, are fup- 
ported, as has been faid, by {trong iron ftraps from the fide frames. Now as therife in 

» the king pof s is but fall, the fide truffes or ftrutts will a&t very obliquely, and therefore 
to fupport the king poft, and in confequence the middle of the floor, with its fuper- 
incumbent weight of gravel, thofe ftrutts. will require to be very firmly footed into the 
_ crofs beams near the ends, and on this account require to be funk a good depth into the 
_ crofs beams, in order to make the footing good: again, near the middle of the bridge, 
5 1e upper furface of the crofs beams will be nearly horizontal, fo that any wet that in 
ime of rain percolates through the gravel and makes its way down thofe oblique 
tS) jacent parts, will run into thpfe footings, and there not being able to 
dry, cannot get out but by a flow evaporation in dry and 
cing a fermentation, it is eafily feen that in thofe parts fo fituated 
cy to rot muft take place, while in thofe crofs beams further from the middle 
eir upper furface being more inclined to the horizon, the wet will lodge 
gree, and confequently they will be lefs fubject to rot. It is alfo eafy to fee 
‘the timbers fimilarly fituated by accidental circumftances in the cover, being 
gileletliable to e the rot, even though the quality of the timber was 
further He ate that befides the intention of f{trengthening 
the! truffing abovementioned, in the middle of the bridge a fet of ribs 
re thrown in and abutted one againft another, fo as to form an arch upon the fame 

\. principle as the under fet of arch timbers do on the outfide; but as thefe ribs fo thrown» 

» in, cannot be conneéted with exterior timbers in the manner the outfide ones are con= — 
Redes. neéted, 
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ne and framed: withthe hand-rail, the middle rib therefore confifting of fingle 
tin for three or four bays in the middle of the bridge, till they get miore coyer, can 


* there afford but a feeble additional fupport in proportion to the ftrength of the outfide 


frames. his being*premifed, it will readily be conceived, what in reality has proved to 
be the cafe, that the footing of the ftrutt with the fs beam, being the fecond from the 
middle towards the Middlefex fide, on the dows “ieam fide of the bridge, being totally 
rotted through both ftrutt and beam, § 


sid of the beam will ceafe to be fufpended 
by the iron ftraps and the weight of t 


joor, and bed of gravel will become difcharged 
almoft immediately upon the middle rib, which being fingle, though perfeétly found, 
was fprung in the middie, that is, fo far > oken as to have loft the greateft part of its 

under fide. The failure of this rib again 
djacent crofs beams, which being alfo decayed, 


ftrength by large {plinters thrown off 
in part difcharged the weight upo? 
though not perfeétly rotten, mutt Son have given way in like manner as the former, 
had not the applicstion been made in due time by the fupports under the moft weak 
and decaye® | found it, which giving time for confideration, the aug Bow 
is, what to with it? 
On examination I found all the trufs footings at both ends of the four middle crofs 
beams to be tainted, and fome of them confiderably decayed, as well as that which was 
totally fo, and.caufed the immediate failure. As the feaffold did not extend further, I 
could only judge of the foundnefs of theadjacent Gols beams from viewing them at the 
diftance of 10 feet; and as I found the reft of the timber work in general re little 
decayed, the parts particularly {pecified and examined excepted, I am inonety e ee 
in the parts I have mentioned has not extended in any great degree mu iit - : 
feems therefore to me, that as the greateft part of the ftructure remains perfectly pun if 
f being reftored, ftrengthened, and fupported at an 


be forthe 


and the decayed parts capable o : : 
adequate expenfe, by means of the fcaffold already erected, it would 






itereft of the proprietor to make at prefent any material ae oe oo 
repair judicioufly conduéted may be very well expedted to ma . a aie a 
to what it has lafted already ; and then it will be time to confider w y 
OW ‘a 


ier i i i id thereb 
i rowi her pier into: the middle of the river, an y 
vorthefupporting, by throwing anot pier ddlegg! a 
a ov arch into. two, covered with wood, brick, or ftone, as may be then 

ays oo 

adyifed. ; Ss 
i fapport, exclufive of the deformity it gives 

q at the prefent temporary ‘upp ' 7 
SS snail sith be effectual for fome years to-come, could i oat: 

et gee from ice floating down the river at the break of a great continu : 
againft injury frome et 


(See I 


effeéts of which, on the arrival of fuch an event, cannot, I think, be afcertained before 
hand; there appears, however, a reafonable time for confideration. 


‘When this bridge was undertaken, T apprehend it was the boldeft defign of the kind 
that had then’ been executed, at leaft in this kingdom ; and the principles of its conftruc. 
tion carried to a greater extent than had before been experienced. It is not therefore 
to be confidered as wonderful, that after the term of years that has elapfed fince its 
conftrudion, érrors have fhewn themfelves that probably would not have been forefeen 
by thofe who now can readily fee them, but which in this repair I would as much as 
poflible endeavour to relieve. 


The firft and greateft error of all was in making fo large a middle arch. fad this 
bridge confifted of three arches more nearly equal, or rather of five arches, and equally 
well performed, in all probability no material derangement would have-happened in the 
courfe ofa century. ‘he great fpan of the middle arch made it defirable to make it as 
flat as poffible, otherwife it would have been impracticable to have driven carriages over 
it ;—as it is, though in reality too flat for the fpan, yet it is {till too fteep an afcent for 
Joaded carriages, becaufe in their defcent they are obliged to drag, and this makes it necef- 
fary to keep a cover of gravel much thicker, and confequently much heavier than would 
otherwife be neceffary, and this again, together with the flatnefs of the archyifo yery greatly 
increafes the natural preflure, that overcoming thofe of the fide arches, it makes both 
the piers lean to Jandwards, and alfo lays fo great a ftrefs upon the bed timbers which the 
arch pieces reft upon, that their ends are perfeétly funk into the bed timbers, fo that 
from the whole of the preffure fideways, the crown of the arch is come down above two 
feet in perpendicular height; and I look upon it, that thefe are confequences of errors 
in the firft conftruétion, independent of what has happened by the rotting of the timbers ; 
again, ‘the weight of the cover has produced the idea of trufling the crofs beams, and 
this again bas brought on the rotting of the beams and ftrutts at their jun@ures: I would 
therefore recommend the following mode of repair : 


11, Th thofe, crofs beams that need fhifting, I would recommend to ufe whole beams 


without truffing, and rather to fill up the fpaces by doubling the beams than the ufe 
of firutts; the timbers being thus unwounded will be lefs fubject to retain moifture 
and rot. : 


aly, T would remove the gravel totally from above the nine middlemoft bays of the 
middle arch; and therewith by increafing the height and length of the flopes, reduce 
— 3 the 


F375, \ 


the ral declivity, and "by bringing a greater weight over the fide arches, enable 
t re nearly to counterbalance the lateral preffure of the great arch. This middle 
{pace thus Taid bare, I would cover with fea coal cinders fuch as are colleted by the 
duft carts, and fifted near London, for the purre’e of burning bricks; and this cover 
of cinders being gradually reduced to ab 
archy by this means, I think, that near 
middle of the great arch; for the c 


inches thick at the crown of the 
ions weight may be taken off from the 
sing much lighter than gravel, and fticking 
together much more clofely, a lefe shicknefs is neceflary, and by eafing the defcent, 
the dragging over the great arch may probably be prevented, or at leaft rendered lefs 
detrimental. 

adly, By way of a ‘general ft of the whole of the great arch, I would 
advife under all the arch timb~ vetween the radius pieces, to chock in balks. of 
fir, and to tighten ‘iece feparately by oak wedges, and when all ‘aré in, to 
tighten up t! g lead or copper plates over the joints to keep out the 
wet, and this 1 would adyife to be done with refpect to the middle ribs, or arch pieces, 
as well as the outfides; all which having fair footings cut into the ftone of the pier, 
above the cordon, will alfo greatly relieve the preflure of the prefent arch timbers upon 
their bed timbers. 


J, SMEATON, 
London, 


goth March 1779 - 





ESTIMATE 
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ESTIMATE for building a brick Superftruéture upon the prefent Piers, with the addi. 
tion of a new Pier in the middle of the River, for a Bridge over the River Thames at 


Walton in Surrey. 2 





: Ngo tr de 

‘To clearing and preparing the foundation for laying. down a new piet in the middle of 
the river, fuppofe - - | e - eae oO 
"Lo conftrudting a caiffon and bottom for the pier to reft on - - - 136 9 o 

Do the conftruétion of two centers for turning the arches, and removing each of them 
into a new place - - - - - 339 8 o 
Preparing the foundation, end carpentry, and iron-work §15 17 0 

THE PIER. 

To cafe the fame with Purbeck aifler will contain 2396 cube feet, which if fet in place, 
at 3s. per foot, will be - - = = = 359 8 0 

The inward cafe or filling of ditto with grey ftock brick, and terras mortar quite folid, 
will contain 2548 cube feet, which at 13d. per foot - - - 138 0 4 
. Mafonry and brick work 497 8 4 

THE ARCHES. 

‘The two great arches, at 24 brick thick, will contain 225, fay 23 rods of brick work, 

entirely of grey ftock quite folid, in good mortar, at 8/. 15s. per rod, - = 201 5 0 


The two leffer arches, at fame thicknefs, will contain 18 rods of works, at 8/. 155. 











157 10 0 
The four new arches 358 15 0 
The fpandrell walls, to be at a medium two bricks thick, completely faced with grey 
ftock bricks outfide, will contain in 270 feet length on each fide, inthe whole 37 
rods of work, which at 8/. per rod - - - 296 0 0 


"De walling and vaulting in order to fill up the fpandrells between the arches and fup- 


port the graveliroad, will contain 42 rods of the beft place brick work, at 7/. 7s. 308 14 0 
as ‘+ 








- To fpandrell walls and vaulting to fupport the road 604 14 0 
To: Be feet running of Portland ftone wall caping for the parapets, to be 8 inches 
nick, will contain 660 cube feet, which laid on and pet at at 4s. 6d, per cube 
» will come to - 148 10 © 
es Tene a walking path on each fide with Elland edge ages, two feet broad, and 
270 feet long, will contain 1080 feet, at 11. - SimeT eA. O01. 0) 
To 550 loads of gravel to form the road, at 15. - - Sy Ce) 
v To caping, paving, and gravelling 230 0 0 
% AB- 
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ABSTRACT of the preceding ESTIMATE, 


Preparations for the foundation, caiffon; and centers = é Big © 
Mafonry and brick work in the pier - as * mee | 
The four new arches - - - = 3 3 sa oe 
The f{pandrell walls and vaulting, to fupport the read - = Ee; ’ ia an 4 
To caping, paving, and gravelling - - - - - see a ‘ 
To allow for contingent expenfes 10 per cent. serra ‘S 4 : 

jade) 


Total 2427 7 g 
2% 
N.B. The above fuppofes the bottom of the river to bea gravel of fufficient confiltence 


to lay down the pier without piling, as the former piers appear to have been, and allo 
thofe of Weltminfi@rd=idge, 





No allowance is made for taking down the wooden fuperftru€ture, as the value of the 
timber when taken down, will be much more than the expenfe, 





Vou. Hl. 3G 


Do theet lead ¢ 








ur foundations 


n the ftone h 


me 


upon the 
ts 


Caoa . 


ABSTRACT. 


Preparing foundations 
Mafonry 
Carpentry ed 
Smith’s Work 

Plumber's work 


Add ro per cent. for contingent'expenfes 


Lambton; 


26th June 17336 


ee 


"Fo finking and timbering the-foundation pit! 
To drainage of the water 


oct cet inthe ar hing, at 7d. 
2, cube feet in the fpandrells and par 












METHOD 
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METHOD of founding and building the Stonework of Harraton 5. \ge. 
The Method of founding the two Land-breaft Pillars of Harraton Bridge 
upon the Stone Head, as tolows= 
‘THE ftone head at the north pillar lying but “bout eight feet, and the fouth pillar fome- 

avhat exceeding twelve feet below low water-mark, I fhall confine my remark to the 

fouth pillar, becaufe what will do, for that will become perfeétly eafy as to what concerns 
the north pillar. ; 

The fouth pillar being confiderably within the bat, I would fet out the pit about 18 
inches or two feet wider on each fide, and longer at each en) hon the intended found- 
ation; and then going down perpendicularly, I would fupp | by framing in 
the manner of a common fquare pit or fhaft; but as the bearings cs © fides would be 
30 feet in length, I would not only make the ribs pretty ftrong (fuppofe half balks,) but 
fupport them with two or three fetts of crofs-ftretchers, and then get out the matter with 
corves and bafkets, till you get down to the ftone,head, carrying down the frame, and 
putting in new ribs as often as you find neceffary from the loofenefs of the matter, as you 
do in finking a pit. 
~ The ftretchers may either be borrowed back or walled in, and the greateft part of the 
framing may alfo be borrowed back, the ground tier of ribs excepted, which may alfo be 
avoided by driving down boards endways as foon as they will reach the ftone head. 


The two pillars in the bed of the river I would get down to the ftone head, by driving a 
Scale or coffer dam of rébated piles down to the ftone head ; for the deeper pillar which is 
the fouth’ one, the piles would not want driving above g feet into the ground before 
they would come down upon the ftone, and the piles being 20 feet in length, would reach 
above high water mark. ‘Thefe too flat fides when the water was pumped out, would 
want fupporting with ¢rofs-ftretchers, as defcribed in the foundation pits for the land- 

breafts. 2 
T would compofe each fide of this cafe of whole timbers well fhod with iron, to make 
them enter the ftone, if of a foft quality, and thereby get the better footing, ‘The inter- 
mediate fpaces I would fill up with half timbers rebutted edgeways, and into the main 
* timbers, fo as to form in the whole on@folid fheet; this would greatly eafe the pit of 
" 3 water, 


’ 


— . 
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x that would otherwife be produced, and fromthe infide of this cafe to get out the 
ue fo as to found upon the ftone head. 


What will greatly contribute to facilitate all thef operations, will be to haye pump; 
machinery quite mafter of the water, and fi 
pumps, one for each end of the pit, but 
work, fo that the water may readily di 
out of order, 


purpofe it.will be well to have two 
y each be worked by the fame horfe 
way, and each be feryiceable if the other is 


The piles compofing a cafe for the fouth pier will afterwards do for the north, and 
after all, the timber will be yery se 2 for ule, 





CONSTRUCTION of the Mafonry for Harraton Bridge, 


The fquare foundations, fuppofed to bring the folid work up to the bed of the ziver, 
comprehended in the 1080 cube yards of terras rubble in the eftimate, I fuppofe to be 
compoled chiefly of blocks, flatted and bedded with the hammer, fo as to make them lie 
flat, and being all of a height in the fame courfe, the interfpaces may be carefully filled 
and packed with common rubble work, fo as to bring the top of the courfe to a ei : 
the blocks compofing the outfide of each courfe to be ftraightened and rough jointed witl 


the hammer, 


The mortar for this purpofe to be thus compofed: for every two buthels of pier 
Jod lime, allow one of terras, and three bufhels of coarfe clean fand, or ditto mix : 
oa : a fufficiency of which mortar being allowed as common: backing mortar for 


vel 5 Re acd 
fine grave! 5 ic, it will be worth while to ufe large ftuff, and bring ita little together 


common rubble wor 
by hammer jointing, to fave the mortar. 


e feet of terras work cafed with aifler, being the whole of the folid of Oi 
ove ground folid, for four feet in height, which : 
bring the work above low water ; I fuppofe the average of two aes a. ; « 
ae to be of aifler, and fet in terras mortar 5 viz. to a bufhel of clod lim l 


d fed as foon as brought toa 
terras, and a buthel of clean coarfe fand, well beaten, an ate 


The 3100 cub 
fhaft of the columns from the ab 
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proper confiftence, the interior part of the rubble work in the fame mortar as prefcribed 


for the fquare foundations; fo that the ufe of the internal blocks flatted and bédded 


as before mentioned, will not only fave the backing mortar but render the work 
ftronger. 4 ‘ 


\ 
“The reft of the folid of the pillars computed to:amount to-627 cube yards, to be built 
with aifler in the proportion ofthe laft article ; only as no terras will be neceffary, the 


terras:muft be fupplied by the addition of an equal quantit y of fi is, to 
y of fand, that is, to two b f 
of clod lime four bufhels of fand. eos 


iA Naeem 1785. . 


J. SMEATON. 








BRIDGE AT CARLTON FERRY. 


Mr. SMEATON’s Opinion come sing the building & a Bridge over the 
River Aire at Carlton Ferry. 


[ AVING confidered two defign oe over the river Aire at Carlton Ferry, one 
being for a bridge of ftone. vier for a bridge of wood upon ftone piers, both 
drawn by Mr, John Carr, Architect, I am of opinion that the defign for a wood bridge 
being no more * i head-way above the level of {pring tides, will not be 
fufficient for yeflels under the fame in time of frefhes ; fuch, as in other 
refpeéts, allow the river to be in a navigable ftate: but that the defign for a ftone bridge, 
the crown of which arch appears to be intended to be elevated above 21 feet above the 
level of the {pring tides, will be fufficient for the purpofes of navigation, But that in cafe 
the wood bridge before mentioned, is furnifhed with draw leaves or falls properly con- 
ftruéted to anfwer the purpofes of navigation, then I fee no objection to the faid defign on 

account of navigation. 
J, SMEATON, 


London, 
25th April 3774+ 


—_—_—X—:* 


On Mr. CARR’s Defign for Carlton Bridge. 


i iti idge of any kind muft neceffarily be to the 
THE hindrance that an additional ftone bridge o : tot 
navigation, 1 apprehend has been fully confidered by the proprietors of the navigation 
D = to obtaining the aét ; and as this bridge will, according to the meafures ftated 
Se of head room for the veffels in all extremes of floods, Ido. not 


thereon, afford a fufficiency ; 
Tee any material objection thereto that can be removed. But as the arch will be always 


more or lefs of it under water, and as much as poflible to prevent damage to the arch 


om bi inft it, I would 
end to the veflels by ftriking, and the mafts and ropes by rubbing againft it, nue 


ESTIMATE of a Bridge according to a o< } 
South Efk from thé Inch Breck to the Fort Hill 


+ 


TO mafonty in the bridge, extending from the north ee tow; ards 
low water mark, upon an extent of 150 feet from high water mark,at 
the foot of the brae, towards the main channel, front acona on of 
particulars - el si 

To nine bays of timber fcaffolding, at 45 feet ait extenc 1g in Tengt 
4035 feet, from a Otago artis at 2331. each/bay = = 

To the mafonry extending from the fouth end of the faid feaffolding to 
the fouth fhorey if taken at the fame price as that in the north (though 
lefs work), will be - + - se 


» ‘ee 


Sy 
= , Se ee 


To incidental and 1 unforefeen opal 4 

To expenfes i in temporary fcaffolding, and. iene the inain bearing nd 
fender piles, being 56 in number, at gl. ch iS . 
‘o the contingence of quarry rubble for the p' rpof 
ground about ‘the foundations, where it t may 

* the courfe of the w ork 


bridge over ai ae burn ‘being of ai 
fame eine as the gt 2 end of the 


BOAT « 








[ 386 J 


N. B. In the above eftimation no roads by way of accefs, nor any thing is comp 1 

oa Uejorg the termination of the parapets of the wings or retaining walls, no char | % 
intereft of money, or damage of groufids for laying and working materials, or hes ei 
nor any remuneration to the engineer in chief. ; 


en walls are fuppofed to bee" 9) eraig rubble ftone, built in the beft manne 
ARS the ftyle of the fronts of the new f{chool. «li ‘he building under high Giles: to be 
~* done with mortat proper for the falt water : the eeches, blocking courfe, and caping, ar ; 
~~ fuch quoins and courfes of the foundations as are neceffary to be hewn, are meted i 
eft'Laurifton ftone. The timber is all fuppofed to be of the beft Riga or Dant- 





the b 





- 
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TINMOUTH BARRACKS. 


To the Honourable Mr. St. John. 
Sir, Newcaftle, 2 z 

Mr. WALTON received your letter of the 28th of December latt, ‘cite va 
upon certain matters therein mentioned, and accompanying a plan of a parcel of oat 
part of His Grace the Duke of Northumberland’s manor of ‘Tinmouth, upon which barracks 
have been ereéted, and alfo a particular and valuation of. the faid parcel of ground, and 
the coal fuppofed to be under the fame, propofed'to be given in exchange for ay 
parcels of land, which His Gate holds by leafe from the crown. ‘ 


We now beg leave to acquaint you, Mr. Smeaton came to this place on Monday the 
tenth inftant, and that we proceeded upon the bufinefs the following day, and wrote to 
the Duke of Northumberland’s principal agent William Charlton Efq., and to Mr. French, 
His Grace’s bailiff for the manor of Tinmouth, and feveral perfons whom we thought proper 
to have the affiftance of on our view. We had no anfwer from Mri Charlton, either to 
our joint letter, or to one Mr. Walton wrote to him upon the fifth inftant, and Mr. French 
gave us for anfwer that he had no direétions, but notwithftanding ‘that he would have 
attended us upon our view, if he had not been under the neceflity, (as deputy clerk of the 
peace for the county of Northumberland) to attend the feflions; fo that we were dit 
appointed of any afliftance from the Duke of Northumberland’s agents. 


eded on our view on Wednefday the twelfth inftant to the barracks, and made 


We proce 
to enable us to ground our opinion upon ; and as a new 


the neceflary obferyations there, 
furvey of the barracks and ground feemed to us neceflary, anvable furveyor was immedi- 


ately fet to work, not only to make a furvey and plan of the ground upon which the 
barracks are built, but of the buildings alfo, and of the feveral high roads, foot paths, &c., 
d alfo one Jaid down by a finaller feale, taking in 


which plan you receive herewith; an 
Tinmouth Caftle,Clifford Fort, &c., accompanied by an eftimate of the yearly value of the 


lands, fuppofing no buildings to have been made, and of the expenfe which it is computed 
the barracks might at firlt coft, on the foundation of prices paid in this country for work of 
a fimilar nature. 


3D2 Having 
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2 Having fince given this bufinefs all the attention inour power, we fit downto in® > you 
that we find the ground upon which the barracks are built, withthe {pace on the outnde of 
the buildings, does not amount to more than feven’ cres and rg perches, according to the 
furvey made by Mr. Fryer, and we apprehend the difference of two roods and 25 perches 
arifes from the walte of ground by = “ding of the banks into the fea; and that the quantity 


a and the fea ; 
ce: eters Panne the fealhore = under this very materia 
rate inconvenience, whicl ‘our opi ion can no ways Be prevented, but at an,immoderate ex- 
meee: & pente, it becomes very difficult toafcertain what may be the prefent worth of the fec- 
eri ‘ cof Sse ‘ith the way-leave or right of paflage 
sae tee m the barracks, propofed to be granted: 
Y naturely confidered the fubjeét, we mutt obferve, that the value 
of lands principally depends upon local fituations ; and we do not fee a better rule or 
guide than that which other Jands of equal quality in the © -Seeption.are let for ;. and, 
are well informed His Grace’s lands adjoining upon the Diack. are let at fifty. 
er acre, the fame rate at which Mr. Fryer yalues them, we cannot think the 
ds deferve more 5 fo that the annual value thereof upon the quantity now in 
to Mr. Fryer’s furvey, will amount to-feventeen. pounds fifteen fhillings,. 
wh wwenty-five ye rs! purchal {i amount to four hundred and forty-five pounds ; 
yond but.confidering the Duke of No yerland is under: no obligation toxfell, and it muft 
Poe Smpheduppoled:hesfells merely for theaccommodation of the Crown, and confidering that fuch 
: 1odatio . into His Grace’s eftate, we think the prefent worth of the fee-fim~ 
er ceithereof, with, the way-leave or right of paflage to and from the barracks 
be granted, illodeferve thirty years” urchafe, amounting to five hundred, 
Grace referving to,hi felf the fea banks behind the barracks,, 














_ = 





















; 1 sa liberty. at all times to the fervants of the Crown to enter upon and take 
~ fuch methods as they: hink proper for the prefervation of the fame. 
SS lia a Sige oe Bie ; ~ ti - 7m ‘ 

‘ » The publiovhighway: for: earriages from Genus Shields, pafling very near 
the bz cs: on ‘the north fide thereof, will be very fufficient to anfwer every purpofe- 
of | barracks, and. the foot paths»mentioned and deferibed will be very  fufficient 
for every, communication, between the barracks and Clifford’s Fort, as well as the Spanifh: 
Bareiqgegeeinaeeys Tybee woe : 


| 
ae 


He AEE , “ ut 

» We have endeavoured to inform ourfelyes: whether any, and what damages may, be 

done by the foldiers in the adinggpi leas, and from thence and our own obfervation, we 
ink that damage (if any) mult-be very inconfiderable ; and from the commanding officer 


ae aa on 
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on -, when we were there upon our view, we were informed not one complaint had 
be. aade during the time of his refidence. 


It is very clear to us, ‘that it willl be attended wi, no inconvenience to His Majefty’s 
fervice for His Grace the Duke of Northumber = © co referve the banks between the 
barracks and high water mark, as mention) ™ the faid particular, there being no ap- 
pearance of ufe from thofe banks to the © wn, for the purpofe ofbringing ftores by fea 
to the barracks, or for any other purpcie whatever, the banks or cliffs being fo fteep and 
rugged as to be very difficult of accefs; nor could any veffel be brought to the foots or lie 
there with fafety without digging a harveits, and erecting proper piers for defending 
the veffels laid therein. 


In regard to the coal under the fad faven acres and nineteen perches of land, we had 
ation, and are clearly of opinion, that no calculation of quan- 
tity, quality, er _ can be madé'thereof, upon that fair ground which we think ought 
to determine the value to a purchafer. Conjecture of feveral feams of valuable coal being 
within and under the. lands before mentioned, cannot jultify us to found a calculation 
upon; we have defired. His Grace:the Duke of Northumberland’s agents to acquaint us 
if any borings have been made in the lands of His Grace, at or near TVinmouth, but to 
this they have given us no anfwer ; and as no judgmentscan be: juftly formed without - 
proper trials/to,.be,made by, boring, we beg leave to be excufed from making any eftimate — 
with refpeét to the coal. Our obfervations with re(peét to the coal would have ended heres, ~ 
putas we think ourfelves obliged to make fome remarks om the valuation handed to us, 
lars :—The quantity and value, as fet down by 


we beg leave to ftate the following particu 
the Duke of Northumberlandis agents, cannot be applied to the value of the coak _ 


fuppoled to be under the: barrack! lands, as being founded on what His Grace lately 
agreed for at Tinmouth Moor, which was then and now is. an open working colliery» 
as no notice is taken of the great expenfe which attended: the winning ‘of it, or of laying. 
building fteaths, and other incidental expenfes: of bringing the coals to: 
market, together with other common expenfes attending the vend ; we'therefore repeat,. 
circumftance of the Duke’s agreement at Tinmouth Moor cannot apply itfelf to the 
er the barrack grounds, which lies unknown, unalcer- 
tained, and fubjeét to the expenfes before mentioned to obtain it, We have faid unknown 
and unafcertained, for at prefent there is nothing that appears to usto fix the certainty of 
the exiftence of any yaluable feam or feams of coal under thofe lands ; there may befeams 
of coals that may be very yaluable, for any thing that we can fay to the contrary, but 
whether there are fuch or not feems to us p a 


that matter under fell 


waggon WaySs 


the 
value of the coal fuppoled to be und 


roblematical. ‘The colliery now working by 
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His Grace the Duke of Northumberland on Tinmouth Moor, is af 24 miles diftante, or ; we 
thereabouts, in a ftraight line ; nor is there any other colliery to our knowledge- now dary 
worked, according to the neareft line, nearer than half a mile from the barracks, and the 


not a doubt but that irwillbe for His. Majefty’s fervice to rum the rifquevofany 
which-may be fuftained by working the-colliery under the barrack grounds, 





feam of coal worked there, according to the general courfe of the rifing’ of the ftrata . Having finifhed what relates, tothe lands, upon which the barracks are built, and the 
»\ towards the fea, fhould be cither out of or near the furface of the'ground at the barracks ; : colliery which may be under the fame, we props | 10. make ou obfervations refpedting 

but'the depth and courfe of {trata may be fo varied, even in the laft mentioned {pace of the condition of the barracks themfelves, #7» ‘ablity, propriety, and conyenience of 

half a mile, by interruptions called’ dykes, as to leave no more than that kind of probability fituation, 

ae ae 4g sabseteer to induces fond oe age genres ‘- heat be On this head we mutt obferve, iat though we cannot look upon’ ourfelves as judges 

anpenlget : pesealior thekgrotind:by one agimeher Bet ie Pk a puch of the propriety of military {tations or conveniences, yet we mutt neceffarily take notice, 

favourable earcuroiterings. ee me eee? of Mshg > riigat Migr pf gato. bring that the banks lying between the bax the fea fhore, of which His Grace the Duke 

Ki 5 nies ‘3 ag a Lia ite heey of Northumberland propofes tok dion, are of a very confiderable perpendicular 

unc e un ecomes advel re, W. 5 4 ‘ fe ‘ . 

profitable, by far the greateft me is due to the rifque and hazarded capital of the dives. net — be? coutpaled ¥ 4 cane a ae 

turer, and not to the owner of the ground ; fo that whether tle y-mer himfelf becomes an e; i is ia : et é a cliffs nie antkaaeaatal’ fu. Aout pat Z 

adventurer, orany other, the land owner's intereft in the Goalis no more than what would be cae of ualte or thie Ae may be judged of as follows:— 

given for the privilege of working it, by the general eflimation of thofe who make thefe 

adventures:their objec. Having gone thus far, you will @xenfe us when we add, that According tothe plan accompanying the particular we received from you, a clear fpace 

‘witen wellow the colliery shichts fuppofed to be under Pinmouth Barracks is won, and is decribed between the fouth line of the barracks and the banks, fufficient to receive the 

in a-working ftate, with the timein which the coal will be turned inco money, we will suth-ealt and fouth-wett battions entire, together with the full breadth’of feventy-fix feet 


have no difficulty in giving a valuation of the fumit is worth to be putchafed, at any 
«given'period, At'prefent we have no data to go upon, we have no evidence even of 
probability from His Grace’s agents, and till that_kind of evidence is had to reduce the 
matter to as great a certainty as the nature of the:affair will admit of, a doubt muft remain 
with us, and confequehtly we cannot think it right for His Majefty’s fervice to purchafe } 
the fuppofed property of coal at any rate whatever. But heré it may be afked, what will the bank, and in time the whole, unlefs fome effeétual method be taken for fapporting thofe 
become of the barracks, if His Grace the Duke of Northumberland fhould find the col- very irregular inclining banks from the depredations of the fea, We: doubt not butthat the 
liery good, and work away the fame? To this we anfwer, that the working of this 


original ftate of the ground was according to the plan; it is however now fo far‘changed, 
colliery feems to us to be at a great diftance in point of time, and that though the working 


that if nothing is done, or the means ufed by the King’s fervants for that-purpofe fhould 
a ale aie ili gE De, and'there- prove ineffectual, it becomes, in thenext place, a confideration how far thofe banks can or 


in the curtain.on the fouth fide, agneablysto. the reff At the time of our view we found . 
a confiderable part of the fouth welt baftion had flid down into the fea, together with a 
great part of the original curtain, fo that in one place the verge of the broken ground 
qvas not twenty feet from the fouth wall of that fide of the barracks; we have therefore no 
reafon to doubt but that in.a few years a part of the buildings themfelves will lide down 


by very greatly damage lofty and mafly buildings, yet in the prefent cafe, we cannot ought to be fupported, which is to be done af the expenle of the Crown, and confidering 
confider the barracks as fubjeét to the fame damage, as being low and light buildings, this as a matter relative to the good of His Majefty’s fervice, we le not conceive, es with 
confifting of a ground floor only, and in that re{pe&, in our conception, much on a foot- refpect to His Majelty’s more than any private fervice, any thing is oto we age 
ing with cottages and pitnien’s houfes, which are commonly ereéted on the very ground than it originally coft to produce, provided it can be reproduced with ‘ ) =a bs * 
under which a colliery is working, or to be worked; and as often as fuch damages hap- to the fame intent. In this ftate of the matter, though meee Hot ay = e 
pen, reparation is made at a fmall expenfe after the ground is fettled, and the habitations to fecure the banks from further depredations of the fea, yet a done ihe = 4 aos 
rendered comfortable again to the occupiers. For thefe reafons, therefore, with what ner, the expenfe would be fo great that we are very clear it would be fury Tels ant 
follows relative to the inftability of the barracks, from the fliding banks of the fea fhore, dE 


3 we 
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-build up the barracks anew as they happen to fail, nay even to build the whole new upon 
frefh ground, than to fecure the banks; and as the foil and fite of Tinmouth Caftle are 
not only the property of the Crown, but in our idea proper for the reception of barracks, 
there cannot, as we judge, be a doubt of its being eligible to remove them to that 
fituation, in cafe they cannot be continued where they are at a moderate expenfe. 


And now having concluded our obferyations, and given our opinion on the feveral 


points referred to us, we truft what we have done will’be fatisfatory ; we can however 
fay that we have gone through the whole impartially, and with care and attention ; but 
we cannot difmifs the fubje&: without making this general obfervation, — that though it 
appears to be improper to purchafe the coal fuppofed to be under the barrack grounds at 


any rate whatever, yet we think it would be right to purchafe the lands, not only to give 


th 


wn a power of enjoying the barracks, during the continuance of their being ufeful, 


but to veft an authority in His Majefty to remove the buildings to the caftle, or to let the 
remains ftandas fhall be thought expedient. This feems to fis“® be the beft method of 
fettling the bufinefs on an equitable footing to the parties, as His Grace will have fatisfac- 
__ ‘tion for the property he parts with, and that property will be velted fo that it may be made 
fuch ufe of as fhall be judged beit for His Majelty’s fervice. 


ee ‘ Weare, Sir, 
eee . : Your moft obedient fervants, 
. NICHO’. WALTON. 
/* wg J. SMEATON. 


P, S. Since forming our ideas and opinions upon which this Letter was written, we 


have feen Mr. Charleton, but have not received any information from him to induce us 
toalter the fentiments we have exprefled. * 


“To the Honourable John St. John, 


Surveyor General) of the Crown Lands. 
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3 LEEDS INFIRMARY. 


TO the Committee of Leeds Infirmary. 


Gentlemen, 





HAVE infpeéted the ftone cifterns made at this hofpital by the late Craven; 

I find them nearly of the capacity propofed ; but as I underftand they never held 
water from the firft, nor do they feem ina capacity of doing fo now, or of being made to 
do fo, without taking them all to pieces, and putting them) together with the greateft 
care and firmnefs, which would of itfelf be a confiderable expenfe. Hach double ciftern, 
when full, is charged wit above fix tons of water, and relative to this weight they have 
not only been much too flightly bonded together in their joints with iron, but I appre- 
hend the foundation upon whieh they have been built has fettled under the weight of the 
whole ; for the leaft fettlement or giving in the joints muft and will neceflarily difwnite 
the cement of whatever kind, and thereby render them leaky. What the nature of the’ 
agreement was you beft know ; if to make them complete. to hold watery it'was then the 
undertaker’s bufinefs to look to the foundationyandiftrength of his bondages : but yet, 
Gentlemen, if thefe eifterns can be rendered ufeful to you, it would feem more eligible 
fo to do, than to return the materials upon the hands of the widow, which, when taken 
to pieces, will be of little value. 1 take it for granted you wanted, and {till want thefe” 
ciflerns ; and had they not been fo undertaken to be: made of ftone, you had ordered 
them of lead, in which cafe ftrong wooden frames of timber would haye been wanted 
to have fupported the leaden lining, which frames of timber, though oak; would have 
been liable to need rebuilding in 20 years, in which cafe the*workmanfhip upon 
the lead would have been to renew. likewife: had therefore the propofition been how 
to render thefe cifterns durable, like the reft of the buildings, and which every public 
building ought to be rendered as much as poflible, then you could not have been better 
advifed than to have put together a cafing of large ftone flags, which the country affords, 
in order to fupport the leaden lining, and in this refpect thefé cifterns as they now ftand, 
will completely anfwer that end 5 and though in putting them together fo as to hold 
water without fuch» lining, there is work upon them that would haye been jumne- 
ceflary ; yet ifa reafonable allowance be abated. from the firft ftipulated price for this 
fuperfluous work, it will be much lefs 16fs to the widow, and much lefs difadvantageous 

Vox. Ill. 35 to 
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the cgpreyances for bringing in the water, and conduits for carrying it away will 
ferved, which would be loft in cafe the work were totally demolifhed. 
equitable way of confidering the matter appears hence: that if the Widow 
to line the ciftern swith lead, then undeniably complete the work 5 
would addfo much real property to the hofpital as ( 

ought to be allowed in addition to the gol, 18. od., a 
work inftead of allowing 71. 13s. 9d. 























to the hofpital, but an acquifition well worth the ee 
beft for wafhing, and though river water is mo 
| vain. water only in being mixed with afmall 
kind the infirmary.having-she command by tl " 
anfwer the fame as river water for brewing, fo that (in very 
infirmary will always have a command of water within ther elves 5, 
what water will be wanted during fuch dry feafons to be 
{mall a quantity, that the carriage had better be paid for than 
further pump work, refervoirs, or machinery. 
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nefs ofa piece of poft paper, by. which the joi 
the ufe of holding in the water ; but if lined with 
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the copveyances for bringing in the water, and conduits for carrying it away will be pre- 
ferved, which would be loft in cafe the work were totally demolifhed. ‘That this = sae 
equitable way of confidering the matter appears hence: that if the Widow Ciaven 
to line the ciftern swith lead, the would then undeniably complete the work ; pate 
would addfo much real property to the hofpital as lite of the lead, for fhe thee 
ought to be allowed in addition to the gol, 18. 9d., an ome 
work inftead of allowing 71. 13s. 9d. 





















{ mutt obferve, that a couple of refervoirs capable of betw. 
tons of water, which will be filled many times in the year by rains, will not only bea. 
to the hofpital, but an acquifition well worth the expenfe. Rain water is und 
belt for wafhing, and though river water is more efteemec brewing, yet Edi 

| xain water only in being mixed with a {mall pre 
kind the infirmaryshaving-+he command by their well, a proper 
anfwer the fame as river water for brewing, fo that (in very 
infirmary will always have a command of water within themfelves 
what water will be wanted during fuch dry feafons to be brought 1 
{mall a quantity, that the carriage had better be paid for than g 
further pump work, refervoirs, or machinery. 
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‘ow far it is practicable that a harbours capable of being eretted and kept oper 
u, the Branfty.eftate, fo as to admit of the fafety of vellels; and of what burthen-; a4 
together with the probable coft of erecting the fame? er 





o TS 

adlyssAfter kr>wing the p coft 
then comparing the intereft of the fur : 
with the price of the cartage of coals "=~ taid'ground upon 
that is to be expected to be fhipped fre .« the faid eftate, the difference ¥ 



































bour upon the Brantty cflate, : 
7 ing this. work, 


3dly, On fuppofition, that on this com -sifon it fhould appear that the 


metliod is by cartage to the pre@iet ketsour, it will be a further confide’ 
far, according to the ads of P: " .dent now in) being ive to th 
Whitehaven, Mv Zcr7 i «* cont can entitle himfelf to, a1 


advantages, in” » 7 ings and laying on hips, for | 
hip’s coals, th” “4e natlire of the place in its prefent ftate ¢ 


athly, Whether on fuppofition of the preceding enquiry turning 
His Lordfhip’s views, he will have power of compelling that the ftreet 0 
through which the coals would be carted, fhould be kept in their prefent fte 
on fuppofition that Sir James Lowther, fhould thin er to 
the fame avenies?) : ¥ 
> SS 
‘As an engineer, the firft article,, 
ing a harbour upon the Branfty : 
comes before me, and as this is a neceflary 
to this I hall at prefent confine mylelf, 
where they more. properly may, by the 
to advife upon the winning of the faid ¢ 


country. 


The north pier of Whiteliaven, which has been ¢1 : 
as a boundary to the port, appears to me as an un part of a 
more extenfiye defign; but what this defign ts, or has been, I had not an 
of getting any certain intelligence. From the wis Be 


c 
which it is carried out, it would feem to me, ‘sh “ae 






eme! 
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thas ‘intended, to carry forwards his coals over his archway, and to have fhipped 
from: this pier thofe of his coals that are now carted from the faid archway to the 
quays ; were this done, and My Lord Egremont fuppofed to have an equal right to do 
the fame, his purpofe would thereby in whole, or in part, be alfo ferved; at prefent it 
does not feem fufficiently carried forwards to ferve the purpofe of either: but taking 
it as itis, it appears to me to be a very fufficient defence or break-water, fo far as it 
is gone to the fouth welt fide of the harbour, that I would propofe for Branfty, and 
which will therefore ferve the fame purpofe to the Branfly harbour as if it had been 
built with that intent, except what relates to the right of laying of railways, and leading 
the Branfty coals thereupon, of which point I am uncertain, but of which it would 
__. behove My Lord to be fully advifed, in cafe that, upon the whole, a harbour at Bran{ty 
Gs deemed the moft*eligible. 





The aétual laying out a harbour requires a more minute comfideration than the time 
T was at Whitehaven would admit ; it is fufficient to fay, that it appears to me, that a 
harbour may be made, by running ont a pier upon the Branity eftate, from or near to 
the north eft termination of the prefent north pier of Whitchayen, fo as to fkreen 
about half a dozen fhips at a time from the violence of the foutlf weft or weftern feas, 
and when any greater number fhould arrive or be wanted, they can always lie in = 
port of Whitehaven, either till they can fail after being loaded, or after arrival till a 

: ‘proper birth can be had within the Branfty pier. 








a obferxe that the north pier is carried out from the fhore about 160 yards, and extends 
into eight feet water at a neap tide,.which from the flow of the tides on this coat. 
fhould make from 14 to 15 feet water at the high water of a fpring tide; and which, 
Li apprehend, is as much, or nearly as much, as is generally maintained at the coal aitiy 
inthe interior part of Whitehayen harbour; and I am of opinion, that by running out 
apler upon the Branfty eftate of about 120 yards in length, in a proper direétion and 
conftruation, as much water may be maintained within the fame as at the prefent 
termination of the north pier. 

For this work there can fearcely be a quarry more commodious than that at Jack-a- 
dandy Hill, or point within the Branfty eftate, that is now wrought for fupplying the 
gesicrs of Whitehaven with ftone. Having, therefore, attentively confidered the fituation 
‘of the quarry and the work, and haying made a careful eftimate of the expenfe of build- 


ing 
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in 5 yards running of pier, in this fituation it will, according to my eflimate; coft go591. 
fay jt ool. 
Now, if uf he comparifons above mentioned, it fhall appear eligible to-go into 
this expenfe, tin would advile this work to,se wadertaken,, and for which I fhall be 


ready to enter more minutely into the de produce the proper working plans: 


but if not, I cannot advile: it tobe 2% The above expenfe is, howeyer, inde~- 


pendent of the laying of waggon way ‘1 the fhore, and the making of proper {pouts, 
or hurrys, as they are there called, sor putting the coals into the veffels, which’ may. 
propably fiwell the aboye eftimate to gooc!. I would not, however, be underftood that 
the building 160 yards of pier, 9 ced, will make the very beft harbour that 
an be made upon the place; wh: can is, that it will be fufficient to begin with, and 
to fee how. things are likely to aniwer ; and if fo, it may be afterwards extended either 
in length, or be! nter pier on the north fide of Branfty harbour fimilar 
to the north pie , part made as above mentioned, for Whitehaven.;. the one or the 


other to beyproceeded with as experience fhall direst or fhew neceffary, after the work 
firft propofed to be ereéted is put toa full trial, 1 further looked upon it, that the: 
outworks that have béen erected to break off the violence of the fouth weltern ftorms 
from the harbour of Whitehaven, will be almoft of the fame advantage to.the hapbour 


of Branfty, fo that this harbour would anfwer. its endymuch more: advantageoufly than: 


if the works*ateMVhitehayen had never been eredled.. 


adly, Refpeéting the Birkby Eftate. 


Tt has been pointed out to'me, that by way-leaves through the eftate of Mr. Senhoule, 
oals of Birkby can be carried to the harbour of Maryport, at the mouth of thevriver” riv . 
Fllen, and there fhipped : upon this propofition the opinion of an engineer isunneceffary 5. 
but it is further fuggefted, that as the eftate of Afpatria as well as Birkby is fo circum- 
ftanceds that this river if made navigable, will be equally, ufeful in carrying down the 
coals thereof to the harbour of Maryport, and it willalfo carry the coals-arifing out of 
feveral other eftates lying upon the faid_ river; with this idea I have viewed the courfe: 
of the river Ellen, from a point wit 
propofed to be taken off to go through Afpatria towards the fea, at ayplace called the 


Blue Dials; from this pomt to the harbour of Maryport, according to the courfe of 
and as by.a level taken by Mr. Johnfony. from ithe 
‘ faid 


the c 


the river’s valley, is full five miles, 


hin the manor of Atterby, where a canal has been ~ 


wre 


<= 
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faid point of the river Ellen, in the manor of Atterby; to the fea at the Blue Dial, there 
is a fall of 60 feet, we muft account the fame defcent in the courfe of the river kiJen, 
from the faid point to the fea at Maryport. i 


From the faid point, taken above’the head of the aqueduct of Atterby mill, for about 
a mile downward, the ground lies very well for a canal out of the bed of the river, but 
then the valley begins to grow confined, and the borders of the high ground to»lie very 
fteep, and grows very embarraffed about the corn mill of Rofe Gill, which is a new 
ere€ted corn mill belonging to Henry Fletcher, Efquire, and feems to haye been built 
at avery confiderable expenfe ; from thence downward the river runs very rapid, and 


in general in a yery fhallow and narrow bed fer about 2+ miles, till we’are almoft through 
the Birkby ‘eftate ; and the bottom of the valley in this fpace is fo narrow, the borders 
in many places perpendicular rocks, and almoft every where fo fteep and embarrafled 
that it would be almoft impraéticable to make the navigation stherwife.than in the bed 
ofthe river, Below Birkby the valley is more open through the eftate of Mr. Senhoufe, 
yet not without embarrafiments, arifing from the houfe, and gardens, and mills belonging 
to this gentleman, and from the aquedué leading through the fame to the iron furnace 
‘at Maryport : in fhort, confidering the number of locks that mutt neceflarily be required 
ina fall of 60 feet, the great rapidity and quantity of water initime of floods, the dif- 
charge of which mutt in many places be provided for, I cannot lay, the expenfe of making 
the fame navigable through, the aboye diftriét at lefs than 3000l.’per mile, that is, for 
fiye miles 15,000l., and this exclufive of any Compentations to the mills and iron works 
above mentioned, for lofs of water ; or to two other mills, though feemingly of much 


“Tefs account , that is, the mill of Atterby and Sir James Lowther’s mill, in the lordfhip 
of D ans or the river Ellen in dry feafons would not be capable of fupplying the 
mills, be as the navigation, if carried on to any great extent. 
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eee-- this river made navigable it would, befides the manors of Birkby and Afpatria, 
belonging to Lord Egremont, be the means of bringing to market the coals of Mr. Sen- 
houfe, as alfo thofe of the manors of Dereham and Crofby, belonging to Sir James 
Lo: and feveral others ; and were the feveral proprietors of thefe lordfhips defirous, 
4 ae affifting in bringing the thing to bear, fo that there might be no difficulties 
to remove but thofe that arife out of the nature of the fubjeét, then it would be a pro- 
pofition well worthy of attention ; but if to the natural expenfe attending the execution 
of it, as above mentioned; be added thofe extra expenfes that would attend it, were it to 
be profecuted by Lord Egremont upon an adverfe principle with refpe& to the other 
4 adjoining 








i 
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adjoining lords; if carried at all, Tam very clearly of opinion the amount would be 
fuch“as by no means to become an object to Lord Egremont to drive through folely. 
If this then is the cafe, it will therefore remain, that fhould a fea fale colliery be won 
in Birkby, the coals muft go to/Maryport by way-leaves, through the eftate of Mr. Sen- 


houfe, who, if he would not grant way-leaves, would, it muft be imagined, oppole a 
navigation alfo. 


St now remains that I give my opinion with refpeét to 


The Eftate of Afpatria. 


Exclufive of the river Ellen, what has been propofed for the fhipping of coals from: 
hence, is to take a canal out-cf the river Ellen, at fome convenient point above the dam- 
head of Atterby mill, and carrying the canal for about a mile upon a dead level, there 
to terminate the fame, and then to defcend by a waggon way the 60 feet that the faid 
point of the river has been found to be aboye the fea, which occurs in about the fpace 
of 3 of a mile more, tova place on the fea fhore in the bottom of Atterby bay, called the 
Blue Dial. ‘To any part of this propofition I fee no natural difficulty 5 the whole queftion 
as to execution, feems to reft upon the procuring ofway-leaveljorilicence’to make that 
part of the canal, that lies out ofthe lordihip of Afpatria, and the expenfe of building 
an harbour at Blue Dial. 


In point of original eftimation, I would, however, advife that the eftimate of the expenfes 
attending the winning of the colliery, be made upon the fuppofition of a waggon way 
altogether, from the propofed place of winning to the Blue Dial, without any canal 
at all. : 


Firft, becaufe in order to procure water from the river Ellen, it will be neceffary to 
cut through a property that lies between Afpatria and the river Ellen, as well as through 
a property that lies between Afpatria and the fea, whereas, if the whole is done by a 
waggon way, the difficulty of procuring way leave will be confined to one property 
only. 


adly, Though an ingenious idea of the ready thipping and unfhipping of the waggons, 
containing their loading, from the canal to the waggon ways, and yice verfa, was coms 
Vou. Ill. 3F municated 
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municated to me by Mr. Johnfon, yet it is no ways clear to: me, that in fo fhort Agth 
of nayigation any thing will be faved; whereas, if upon the whole the colliery i xely 
to bear the expenfe of winning by a waggon way, and the building of a harbour at 
Blue Dial, if it fhall, after the thine is refolyed upon, be found upon entering into a 


minute detail of the particulars boc shat any thing can belfaved by the execution 
of a canal, then, by that faving, the thins 9 out juft fo much the better: the main 


point, therefore, that feems to re{t upon my c; on, as an engineer, refpeCting Afpatria, 
is the praticability and expenfe of ereéting a harbour at the Blue Dial. 


Whe principal difadvantage of this place, ss to the making of a harbour, is, that as 
the fhore is flat, a pier muft be run out to onfiteable length before a fufficiency of 


depth of water can be obtained. Another difed) se,e is, that here is no outlet of any 
river or burn to keep the fame clean, which laft is indeed a difadyantage common with 
Whitehaven, but then the fand which is driven coaftwi? doa leal affects the 
harbour of Whitehaven as well as Maryport, feems the sooe deal difperfed, or 


driven further out to fea; on the other hand, as the feas here are narrow, no confider- 
able fwell can come from the northern or north eaftern points, nor indeed in the bottom 
of Atterby bay, where the Blue Dial is fituated, do there from the appearance of the 
fhore {cem to be very raging. feas at any time, fo that a fingle pier, with the turn of an 
elbow, to fereen off the fouth wefterly, wefterly, and north welterly: winds, will, as | 
think, be fufficient; and being of a proper conftruction, T apprehend will not be liable 
to choak up with fand in any Obnoxious degree; fo that by running outea pier of 
300 yards in length, I apprehend that 14 feet water may be gained in {pring tides, 
‘with a fafe birth for four or five fhips, and feveral more of fmaller fize; this is much 
“about the fame depth of water as at Maryport, and as, like Maryport, the flow of the 
neap tides is confiderably lefs than the {pring tides, no yeflel of any confequence will 
beable to ftirat neap tides, and which indeed is a good deal the cafe at Whitehaven : 
“above a weck in each fpring tide time, there may be expected from 10 to 11 feet 
» water, and upwards, fo that veffels not exceeding that draft of water. may moye every 
tide, when wind and) weather admit, and for fix or feven days, about the neap tide 
time, veffels under 10 feet water only can move the dead of neap making only about 
feven feet, which laft will yet float veflels of about 50 tons burthem, oy about-75 Cum- 
berland tons of coals. 


N.B. The largeft veflels belonging to Maryport are faid to carry about 300 Cumber- 
land tons of coals, that is, they are veffels of about 200 tons burthen, which kind of 
veffels generally draw about 11 feet water. 

10 Having 
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Having carefully computed the expenfe of erefting a harbour at Blue Dial, from 
an e€eellent free {tone quarry at the diftance of about 3 of a miles the eftimate thereof 
I make to be 57001. : 

* 

From thofe general data, the expediency of the feveral propofitions may be judged 
of, and the execution of fuch as fhall appear Advantageous determined; and when that 
is done, it will then be proper to review the premifes, and to enter more minutely into 
the detail thereof than this general view, which was comprehended in two days only, 
would enable me to do. 


J. SMEATON, 
Aufthorpes 
oth OGober 1775. 
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ROSEVEERN .. ® OWERS LIGHTHOUSES. 


To the Mafter, Wardens, and Afiitants of the Honourable Corporation o! 
Trinity Houfe, Deptford Stroud. 


My Lords and Gentlemen, 

HAVING at your defire, under the conduc »f — ‘ain Bromfield, of your brotherhood 
furveyed the ifland of Rofeveern, one of the iflands © Scilly,and alfo the Owers Rock off 
Selfea, in the county of Suffex, with refpect to the building a lichthowh on each of thefe 
fituations, I beg leave to report feparately my opinion on * 
and firft, 


am refpectively ; 


Concerning the Ifland of Rofeveern: 


We vifited this ifland the 14th of June laft, during the time of {pring tides. The day 
being perfectly fine, we landed from a boat without the leaft difficulty. The whole of 
the rock compofing this ifland appears to be granite, which, on trial with a pick, I foupd 
to be fufficiently workable. The ifland is of an.oval thape, and nearly a flat upon the top. 
Its length is pretty near eaft and welt, and it gently rifes towards the welt end, where it is 
terminated with large granite rocks, naturally piled on each other, higher than any other 
part. The length of the flat part of the ifland, including the gentle rife, I meafured to 
315 feet; and the breadth 132 feet. Without this flat area, the furface declines faft 
towards the water; and the whole border is compofed of large roundifh granite rocks, 
-difpofediin afloping form, down to low water, and under it. 

The flat area is about feven yards above the half tide-mark, and is about four yards 
above high water-mark of {pring tides. The high rocks at the welt end form a kind of 
breafting ; the fummit whereof rifes near upon go feet above the flat area; fo that I 


_ apprehend the floping figure, together with the rough breafting deferibed, fo far curbs the 


fury of the weftern ftorms that they never break bodily over the flat of the ifland, which 
Lalfo infer from this circumftance, that the whole of the flat is covered with a fpecies of 


foft woolly mofs, that, as 1 apprehend, will not grow where the fea wathes very frequently 
over, 
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- nor does it appear to be attached to the rock fufficiently firm to prevent its being 

- and diffipated, if a heavy fea were frequently to fall upon it: however, 

Gu m the formation of thefe rocks, that in time of ftormsa heavy fpray ‘ae 
over the wheigand*which, is alfo,corroborated by there bei 

y there being no grafs growin; 

them. . ; pe 

From this defcription it would cleay! uifficult matter to erecta lighthoufe upon 

this ifland, of any height required, if ve eafy to land and unload heayy materials upon 

it; butas there is no cove or upright breaft of rocks fo as to afford either fhelter or a 

fufficiency of water for the veffels to keep afloat long together at any time of tide, it is 

) 


evident that the ifland can be acceflib \s of any fize whatever, only in times of 


the fmootheft water. It therefore 5 10 me, thata fufficiency of time upon the ifland 
cannot be got within a moderate number of feafons, without making an eftablifhment 
upon it ; where umber of workmen and an overfeer could be lodged, and 
yvidtualled with ety, uuring the fummer feafon. And for this purpofe, upon the flat 


area I have defcribed, there is a fufficiency of room not only for placing the lighthoufe 
but for the ereétion of cabins for fheltering the workmen, and for ftores, and cooking 
their victuals. And as the whole ifland confilts of granite rock, as already mentioned, the 
principal part of the {tone materials will be found upon the ifland itfelf, or its near neigh- 
bour, which is alfo of granite, and can with a {mall boat be readily vifited therefrom. 


As a lighthoufe may be placed upon this ifland without being fubject to the ftroke of 
the fea, its conftruction will not need to be of that degtee of firmnels as if it were 
expofed to the waves. It therefore may be built fufficiently compaé with rubble, or 
unformed ftone, efpecially if cafed with aifler of fo moderate a fize as to be readily 
landed, and which may be wrought with granite or moorftone of the belt quality in 
Cornwall, which, from what I have experienced, is from the parith of Conftantin 
near Falmouth; the cement that I have ufed on former occafions, being of fo compact a 
hole building into one mafs of rock ; here’being time intervening 
ked by the wath of the fea. 


nature as to unite the w 
betwixt the ftorms for the cement to harden before it is attac 


It may be proper, as a matter on which the whole depends, to fuggeft the manner in 
which I would propofe to ereét the temporary cabins for the lodgment of the workmen. 
f wood, to be made and fitted together at a convenient 


"Thofe I would conftrué wholly o! a i 
harbour on fhore; and being carried in veflels ata proper opportunity @ fufficient 
tides to contain as many workmen 


number of them can be landed and fet up in afew 
as can go on with the ereétion and completion of the reft. 1 would propofe to make 
them 
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them all of fir plank framed crofs and crofs, fo as to compofe fo many large boxes or 
chefts, when ferewed together. I would fup) ofe. them: about 10 feet fquare area, ind 
feven or eight feet high; each cabin | ‘ainaiatans ‘to hold two pet fons. ‘Two of 
thefe to be appropriated to the kitchen and its conveniencies ; one havi re-place of 
brickagend four more for ftorehoufés, and the overfeer. The whole to be joined 
toget , fo ato form a ftreet, or narrow lane; the doors and windows to be all next 
the ftreet and facing each other. 1 fuppofe about 12 of thefe cabins will be fufficient. 


The whole mutt be water tight, every where ‘except the doors, “— thefe as light as pof 
fible, with air Halts to be ufed at pleafare. 


suas, 
rv what I have. faid will Alp the reget corporation to judge of the 
wis 3 the feheme :, when the expediency thereof is determined upon, it will 
then. e in courfe to make out the working defigns ; but as very much will depend upon 
ingence, no draughts that can be made will enable me tosform an eftimate on proper 
grounds. However, from the belt view I can make of the fubject, 1 cannot judge that this 
work fhould be commenced upon a lefs capital than Goool., exclufive of the furniture 
and machinery, required for. payee a light therein, 





* * ea 
eae Reside a vita the Ougrig 


“The Owers appears to be a hard Binken rock, of confiderable extent in the eaft and 


welt direétion ; ; the fhalloweft water being near the eaft end, whence it very gently and 
gradually deepens towards the weft. 





& Saturday the 26th of June, we rowed in’ a boat from the floating light ; and upon 
the ceaftern part had foundings upon an extenfive furface at feven feet, and much more 
regular than could have been expected. In fome places, more towards the eaftern end, 
weiltad, fix feet and under ; but thofe places feemed more irregular. The wind was freth 
at welt, and obliged us to depart rather before the computed time of low water: and as 
this w: e day of full moon, and confequently the fpring ebbs to be expected fomewhat 
lower, we dsfgrnined to false another trial, if thofe fprings offered it: and the next 
day, ibe wri " % 





Sunday the zmh June, proving very fine, the wind moderate and at N. W. we took 
another trial, and in a fix-oared row-boat went direétly over the rock. We had pretty 
“extenfive foundings at fix feet, fome places 53, and fome of 5 feet; but the fhalloweft 
ground feemed the moft irregular, I don’t look upon any of thefe foundings to have 


been 
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soon made at fo low an ebb as fometimes happens, fo that I have no doubt of the truth 
t has been reported to us, that a perfon has ftood upon the bottom in a pair of 
fifherman’s boots; but as thefe times can happen but feldom, 1 muft lay it down, that a 
middling {pring et ges non give.a lefs depth tha» ‘eet water; and that to allow fuf 
vale we muft fuppofe the *Patoybe laid in feven feet water at 

sad fouth dire@tion could not well be 

‘cppole it where we took our foundings to be 


ficienttime fo: 
the leaft. The breadth of the rock iz 
afcertained for want of fixed marks} 
as It feems fomewhat narrewer near the eaftern end, where the leaft foundings 
are, but there is nota doubt but that there is an ample fufficiency of room for the bale of 
any lighthoufe building. 

In time of great ftorms the fhalk © o1 the water will undoubtedly occafion a great 
furf to break ysontheGemeaier st fome time of tide ; in confequence, I cannot apprehend 
that ftones of that it is praéticable to bring and depofit here, i 
quietly without being fubject to be removed, unlefs they are firmly detained in Pi 
places. I look upon it as practicable to bring hither and retain fuch ftones i oe e 
expeéted to lie; and confequently, (tone after {tone being laid and others upon oe 
regular platform of {tone can be formed of regular mafonry, 28 ine: a 
mark, the building can then be proceeded with upon principles 2 call 


have already been put in pra actice. be 
é 
There will however occur great natural difficulties to the prateattae with this work, 


ef lly in its early ftages. Here is too much water at all times to fee to do the bufinefs 
e pecia ‘a a 


1 here is too 
in any current method, and Fe ae 
and Bixee their materials in fize and in quantity: for as they ee ha 
fat-conftruétion, and muft not thump the bottom in a troubled fea, the tonnag 


any great matter. 
that can. be expected to be car’ ried out in one cargo cannot be y 8 ie 


ht miles, and with: 

lie land, fuppofed to be at leaft eig! 4 

diftance of the Owers from t sy 
‘= 2 ce harbour or quay to retreat to, muft confiderably add to ‘= a 

caet fruitlefs voyages that mutt neceffarily occur in purfuing a ba ae z 

wh mpted butin the calmeft weather, will inevitably render the eita 

can be atter 


ve low water) both tedious and expenfive. a 


till it is got abo an 
Ee work within the bounds of practicability, | T will ay a oe 
ete : fuggelt to this honourable Board the method in which I woule p 

briefly to fi 


proceed, wae 


* 


little water to float veffels of any burthen, to bring — 


of 
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Befides con{truéting proper veflels, I would, in the firft place, conftruét a diving bell, or 
rather diving cheft, fuch as was made ufe of about two years fince at Ramfgate harbidur, 
by means whereof large {tones that interrupted the clearing a foundation, were got up 
in 12 feet water, and which it was found practicable to ufe at a much greater depth had 
it been neceflary. With this apparatus it is very practicable to drill holes in the rock ; 
and, in the firft place, to eftablifh a center pir which may be afterwards found, by putting 
a fmall buoy upon it; and to which the craft may be occafionally moored while employed 
there. At a competent diftance from this center’ it is equally practicable to drill any 
number of holes at pleafure, fo as to form a circle, as regular as it could be done upon 
the plain ground, into which ftrong iron fpindles or pins, being driven to ftand up 
({uppofe a foot) above the furface of the rock; large ftones of fix or eight tons let down 
within this circular area will be detained from flipping without it till the outward circle 
of pins is filled with ftones of this fize, which may be roughly hewn, but fo as fomewhat 
nearly to fit each other; laftly, the internal area within°the circle of ftones, being 
chocked in with large rough blocks, put down promifcuoufly, will eflablith a bafement 
courfe, that, as I apprehend, will fuftain a winter’s ftorm, without material derangement. 


The upper fide of the flones of the outward circle can in their formation have 
fuch indentures cut in them, as fhall retain in their places another circle of ftones laid 
upon them, on the fame principle us the firft courfe is retained by the iron pins. The 
interior part of this courfe being alfo chocked in with rough blocks, thefe two courfes, 
which may bring the work a foot above low water, and can be further fteadied and bonded 
with iron cramps, I expeét will prove fufficient to fuftain another winter. 


Th this fituation the work may be brought to a level, the interftices rammed full, and 
prepared for laying on acap courfe in water mortar, begun folid from the middle, and 
dove-tailed together in the fame manner as the Edyftone lighthoufe is. This folid courfe 
being all united as one ftone, will, both by its weight and connection, firmly bond 
togetherthe whole of the under courfes, fo that nothing can get out of place, though 
the irom fpindles, or fteady pins, were entirely to wafte and decay with rut, 

sy. 

After this is done a fuperftru€ture may be raifed upon this compound bafe on the 

fame principles, and in a fimilar manner with that of the Edy{tone. 


ee 


; ' ‘e A work 
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A work of this kind is ftill lefs a fubje€&t of computation, in regard to expenfe, than 
that>ropofed at Rofeveern. It will, indeed, very much depend upon good or bad luck 
of feafons and circumftances ; but I think it ought not to be begun upon a lefs capital 
than 20,000l. 

I remain with the utmoft refpeé 
to this Honourable Corporation, 
their moft obliged fervant. 
J. SMEATON. 


Grays Inn, 
22d July 1799- 
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the Meat F Coals at Newcattle and London, and 
feafures in the © ‘th of Whitkirk, and the adjacent 


at a coals are delivered to the fhips, is fixed by act of 
‘to be 53 hundred weigh’; od > he ftated proportions ufed at the 
, &e., eo Newculilc, are to make out 15 chaldrons London 
_ meafure : the weight of the London chaldron will therefore he >° « 
and the vats by which coals are meafured: at London by =a, 0e%7< 
fhould neers fuch dimenfions as to anfwer the abey< quanuty. 


* 


1 qr. 2 lbs.; 
Ire, are, or 

Pi ee 
The bufinefs of Newcaltle in the coal way, not only in regard to the delivery of 
coals for home confumption but for the collieries, is not done by weight but by meafure ; 
the foundation ttieobs the coal bowl, which confifts of 36 corn gallons Winchefter 
meafure ftriked ; a veflel therefore ‘of the capacity of 36 corn gallons corn meafure, con- 
tains the meafure of a coal bowl, and the coals are meafured therein by filling them 
leyel with the top. ; 
The fpecific gravity of clean coals (that is, when free from ftony or brafly matter, 
which is heavier) does not greatly differ 5 fo that ata medium it is found and com- 
puted that 21 bowls will make a chaldron of 53 cwt., and hence it will follow that the 
coal bowl will be 276 lbs. neat weight, that is, 2 cwt. 1 qr. 24 Ibs,, and each of thefe 
bowls is a fodder, h is looked upon to be a full load for a two-horfe cart, and a 
fodder is in general eftimation looked upon to be two-thirds of a good three-horfe cart 
load (which is not however the mode of carriage of that country, they generally carrying 
by fodders); 12 bowls will therefore weigh 29 ewt. 2 qrs. 8 Ibs., exceeding the London. 
chaldron by 1 cwt. 1 qr. 6 lbs. : 
Mr. Smeaton has remembered the collieries of Whitkirk parith and the neighbourhood 
above 45 years; he always underftood, that when the owners ofa colliery had a mind to 
yecommend their coals to fale, they did it by giving good meafure ; that is, by giving 
fomewhat more than the ufual quantity by making their corves larger, or upheaping 
10 Z ‘ them 


4 
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them as much as poffible, and when eftablifhed, and having a greater fale than they could 


“readily fupply, they then were apt to fhorten their meafure; that is, to make the corves 


lefs br upheap them lefs than ufual. Mr. Smeaton never heard nor could learn any ftated 
dimenfions for a corf ; but he always underftood that a corf of coals was, or ought to be 
a good horle load): fo that in winter when the roadswere but indifferent, the neigh- 
bouring farmers feldom carried aboye 10 cerves at once, and fom@timesnot fo much. 
In Mr. Smeaton’s memory coals, as well as all other oods, were in a much greater 
proportion carried upon horfes’ backs* than they have ce within the colteishe lat 
20 years. The ftated weight of a horfe pack is 18 ftone, that is, (eight ftone to the 
hundred) equal to 2 cwt. 1 qr. and this being underftood to be the weight of a corf of 


coals, a dozen at this rate will weigh 27 cavt., that is, 1 cwt. 1 qr. 2lbs. lefs than the 
{.ondon chaldron ; and in confirmation that the corf of coals is not lefs than the horfe 
pack weight, about eight years fince, Mr, Smeaton being upon fome‘experi on 


- a . a . . S. 

the fubjeét, weighed fix carves of coals, brought home in his own cart from Walton, 
which were not quite but yet not much fhort of half the weight of a London chaldron, 
which made him conclude at that time, that the Halton dozen, and the London chaldron, 


- € 
were nearly the fame thing. ® 


From the near coincidence of the dozen of coals confifting of 12 horfe pack weight, 
the London chaldron, and 12 Newcaftle coal bowls, he is, inlined to’ think they have 
all originated.izom the fame thing ;. widelicet, the coal bowl of Newcaftle, which itfelf 
has been adapted to the weight they found it practicable to carry on horfes’ backs, there 
being few, if any, wheel carriages in England at that time; and therefore before 
the invention of the Newcaftle rail or waggon roads, all the coals that were carried 
down to the fhips mutt have been conveyed on horfes’ backs, and though the whole 
coal trade of that country muft have been only a trifle in proportion to modern tim 
yet the whole of the trade being carried in this way, it mult have been very 
fiderable as applicable to horfe labour; we may therefore well « t that in contract- 
ing for the carriage of coals to the fhipping, it muft have beenje ‘great confequence 
in thofe times to have the quantity afcertained that each : le could and was expetted 
to carry. Accordingly the bowl for wheat, and other grain, in ath country being moft 
generally 4 Winchefter buthels of eight corn gallons each, ibe is, 32 gallons ; it has 
been found on repeated trials that a horfe was capable of carrying fomewhat more cis 
this bowl of coals, and therefore that inftead of carrying four eight-gallon bufhels, it 
has been univerfally agreed that it fhould confift of nine gallons, a in ee 
the coal bowl of 36 gallons, has ever fince proved an invariable meafure at 


Newcaftle. 
3Ga2 ‘a 


2 
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He is further inclined to think that originally they fent away three fodders, or 
bowls, to London for a Neweaftle chaldron (as it {till continues for home confurn 
-* which at London was fold for two chaldrons, of 12 bowls each ; but that as the dem 
for coalsincreafed, they gradually fhartened their meafure both at Newesiic and Lona 
and this abufe and uncertainty ire fim called for the interpofition «f the lcgiflature, 
when, having after acourfe of years fory 4) grounds upon which this trade had originally 
commenced, they fettled it as well as they could to what they found a medium at that 
time, ordering the Neweaftle chaldron, not tob- #meafure, but a weight of 53 cwt, 


He has never heard it doubted but that the firft collieries in England were opened 
at Neweaftle, from whence they would) ®e rall< feek inftruction in opening and 
‘working Collieries in other parts of the King ‘om,'e%) onding that a bowl of coals was 
drawn at a time, which then would be molt convenient, as being a proper meafure for 
putting upon a horfe, the imitators would naturally do @)@ fame thing for the fame 
reafon ; and as in the manufacturing part of the Weft Riding of Yorkthire, the neceflity 
ofa confiderable quantity of horfe carriage would fubfift as far back as the firft getting 
of coals at Neweaftle (fome time, if he recolleéts his information right, after the year 
1200), the load of coals,and the horfe pack would eafily be fubftituted for one another ; 
and indeed without fuppofing the dimenfions of a bowl corf to be brought from New- 
caftle, the#reafon of the thing, that is, the natural ability of horfes to carry burthens, 
would bring the matter fomewhat near, there being only 24 lbs. difference between the 
pack weight of the Weft Riding, and the coal bowl of Newcattle, the latter being as before 
ftated 24 Ibs. heavier. 


Since the invention of the coal waggon roads and other carriages, as well as powerful 
machines, or gins for drawing coals from great depths, it has been found convenient 
to draw more than/albowl at once, and it is now in common practice to draw a 20-peck 
corf, that is, 2! bowls ata time, { of a coal bowl being denominated a coal peck ; and 
fince the laying of waggon ways in Yorkthire (the firft of which is in Mr. Smeaton’s 
memory), to carry coals to the navigable rivers, they have delivered as many as they 
can carry in a waggon for a dozen, or chaldron, now amounting to about from 40 to 
45 cwt., taking pay for the coals in proportion ; but firft calculated with intent to avoid 
the payment of the river’s toll, which ufed to be taken by the chaldron or dozen before 
the laft a& of Parliament. 


J, SMEATON. 
Aufthorpe, ‘ 
27th January 1779. 


* i W. B. 
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a. B. The atnow pafling for Mr. Brandling ferving the town of Leeds will, as byagree- 


, probably fix the weight or meafure of the chaldron or dozen at Leeds; but Mr. 5. 
jot yet heard what it is. 


— 


To Lady a . 
Mr. Smeaton relents his moft refpeéttei pliments to Lady drwin, and inclofed 
herewith begs leave to prefent her with . account he is able to give of the weights 
and meafures ufed in the coal trade, as they have come to his knowledges 
Aupthorpes 


27th January 1779- 


From Lady Irwin. 

Lady Irwin is more obliged to- Mr Smeaton for the paper than fhe can exprefs, and 
can’t, without being infinite! thamed, refle& upon the trouble fo very juft a ftate of 
an intricate ane 1efs muft have given him; begs leaye to return him her 
moft grateful 4s, accompanied by every good with for himfelf and family. 

Wednefday Evening. 
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ONS for preparing, making, and ufing Pozzelana Mortar, by 
Joun Smraron, Engineer. ; 
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> ad T= die a be done, is to fift it through a coarfe wire fieve, feparating 

gos what will pals thr hes from what will not, and then to fift what has pafled 
ee {t fieve through one ofa finer fort. A wire fieve having about 7 or 8 
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inch early 1 2 will be of fufficient finenefs, and all that will 

y fit for ufe, hat will not pafs the fecond fieve muft be aie pk 
id what would not pats the firlt fieve mutt be broken to a fize conformable to Rs 
would not pals the fecond, and then all ground together ; but in breaking the large that 
would not pafs the firlt fieve, it will be proper to pick out a kind of grey ftony matter. 
as well as other heterogeneous fubftances that get accidentally mixed therewith ; and lich 
will readily difcover themfelves from the true pozzelana, and which haye no cementing 
quality, and tender it more difficult to grind. The true pozzelana is of a dark brown 
or dirty red colour, ‘and the larger pieces being broken will readily difcover themfelves, 
efpecially with an ordinary magnifying glafs, to be of a fpongy fubftance with innumerable 
little cavities like a cinder, and not much harder. e. 
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That part of it requiring grinding muft firft be got perfectly dry, either by the fun 
a dr . kil h if ae . 1p et) 
or by a drying kiln, otherwife it is apt to clog the mill ftones, and it is done by far the 


~ “moft completely by grinding it upon a pair of corn mill ftones, which will at one operation 


reduce it to a proper finenefs without need of further fifting; French ftones anfwer the 
purpofe beft, for thous it may be done by other kinds of mill ftones, yet being mixed 
with flinty matter, whi annot readily be picked out, no other kind of {tones will ftand 
the fervice, if wanted in any confiderable quantity. The millers however are not very 
defirous of meddling with it, on account of its fpoiling the colour of their ftones. I have 
therefore in the larger kind of works that I have been concerned in, found it worth while 
to purpofe, to go by water, wind, or horfe, according to convenience. 
oi : 


In making mortar of it, it muft be mixed with lime in much the fame manner and pro- 
portion that terras mortar is made ; it muft be obferved that the better and ftronger the 
lime is, the better and ftronger the cement will be, but like terras it may be ufed with 

any 





f 415 J 


>y lime, and in making comparative trials with terras, the fame fort of lime fhould be 
with both. 


ie beft kind ofdime for water works that | know of, is from Watchet in Somerfet- 
fhire, Aberthaw?) Seuth Wales, and Barrow is |= fterthize, and the {trongelt compo- 
fition"l know is © -< by an equal quanti? wcriked meaflire invthe dry powder, 
after being flaked and fifted, and of ; ,cound and prepared as above,.and if put 
together with as little water as may be; veaten till it comes to a tough confiftenge like 
pafte, it then may be immediately ufed ; but-iffuffered to fet, and it be afterwards beaten up. 
a fecond time to a confiderable degree of tenghnefs as before, ufing alittle moifture, if 
heceffary, it will fet harder but nof fe Guick. 


This compofition is of excellent un jointing the {tones that form the lodgement for 
the heels of dock aes “ad. Maices, with theinthrefholds, &c. when of ftone. 


A {econd kind of mortar is made by ufing the fame proportion of ingredients as terras 
mortar, that is, two meafures of lime to one of pozzelana beaten up in the fame manner, 
and which if ufed with common lime, will fully anfwer for the faces of walls either ftone 
or brick that are expofed to water, either continually or fubjeét to be wet and drys in 
which laft cafe the pozzelana greatly exceeds the tex _as,allo init Tying quiet in the 
joints as the towel, has Jefithemsewithout growing erras does. : 


As a piece of ceconomy, Thave found that if the mortar laft mentioned is beaten up with 
a quantity of good fharp fand, it no ways impairs its durability, and.increafes the quantity. 
The quantity of fand to be added depends upon the quality of the lime, and is thus deter- 
mined: if to the pozzelana confidered as mortar, you add as much real fand as will make 
out the whole quantity, fuch as an experienced workman would allow to his lime to make 
good common mortar, this will fhew the quantity to be added, that is, may be originally 
beaten up together; thus, if the lime is of fuch quality as to take two meafures of fand to 
one of limes then one meafure of pozzelana and three meafures of fand will fatisfy two 


meatures of lime. 


ee ret 
The compofitions above mentioned are feldomufed further than for 6 inches within 
the face of the ftone, or at mott, for fetting the ftones and the bricks forming the face of 
the work, while the backing is wholly done with common mortar, and which uate 
water never comes to the hardnefs and confiftence of ftone, or founs that bond of union 
which would arife from a ftony hardnels ; TI haye therefore found it preferable, _ 
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